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ABSTRACT

The purpose of this thesis was to identify the different patterns of food consumption across
space and time at Liangchengzhen, a Longshan (ca. 2600-1900 B.C.) site located in Shandong
Province, China. The primary hypothesis of the research contended that evidence of increasing
social inequality with respect to food consumption would be found from early to late phases at
Liangchengzhen. In addition, rice and meat from mammals, especially pigs, were hypothesized as
the most likely types of prestigious foods for daily and ritual activities. Fish and marine foods in
general were hypothesized to be foods that average households could obtain since Liangchengzhen
was close to the sea and would not have as high a value as mammal meat.
Pottery was sampled from Early Phase storage/trash and ritual pits as well as Late Phase
storage/trash and ritual pits located in Excavation Area One. Pottery types included ding and guan,
hypothesized for cooking meat, and yan, hypothesized for steaming vegetables and grains. Lipid
residue analysis was performed using gas chromatography/mass spectrometry (GCMS) to quantify
the amount of C15 and C17 alkane peaks in the pottery and compare these quantities to the amount
of C15 and C17 alkane peaks in terrestrial and marine food reference sources.
Results indicated that socially valued food consumption transitioned from marine food
sources in the early phase ritual pits to rice and pig in the late phase ritual pits. Millet and plant
residues were consistently present in storage/trash pits from both early and late phases. Findings
also indicated that the use of pottery types for cooking were not limited to one source, i.e., marine,
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rice, millet and plant residues were found in all pottery types while pig residues were found in ding
and yan pottery.
Results of the lipid residue analysis provide partial support of increasing social inequality
with respect to food consumption from early to late phases at Liangchengzhen, The findings from
the lipid residue analysis in this thesis more closely resemble the distribution of integrative,
communal consumption pattern in the early phase and a hierarchical consumption pattern during
the late phase. Fish, more abundant in the early phase, was almost non-existent by the late phase.
Pig and rice, hypothesized as preferred foods, were found only during the late phase, primarily in
the ritual pit, H31. Millet and plant were conspicuously present during both phases, but had greater
separation from ritual pits during the late phase. However, these findings are surprising since it
does not match the material remains of rice and pig found in early phase pits or late phase
storage/trash pits from Excavation Area One.
It can be concluded that patterns of consumption at Liangchengzhen changed substantially
from the early phase to the late phase with regards to food residues found in hypothesized ritual
pits. Considering these data with the understanding that food in China has historically been used
as a tool to wield influence and power, it can be hypothesized that a social hierarchy may have
developed by the late phase that was not present during the early phase. However, participation in
the activities held in late phase ritual pits may have been inclusive for all Liangchangzhen residents
rather than exclusive for higher status individuals.
The current research provides a starting point for further investigation into the foodways
at Liangchengzhen. This thesis is the first systematic study of food residues from the interior of
Neolithic vessels from ancient China that relates the results of the residue analysis to patterns of
food consumption and social change.
x

CHAPTER ONE
INTRODUCTION

Overview
The material culture of food consumption is a tapestry woven with threads of social identity
and social relationships upon a palimpsest of power and control, cooperation and connection. This
dissertation investigates the presence of lipid residues in various types of ceramic vessels from late
prehistoric northern China in order to identify foodstuffs such as protein (meat, fish), grains (rice,
millet), and other plants that explain different patterns of food consumption across space and time.
Examination of intra-cultural consumption patterns via food residues will provide an additional
line of evidence for understanding of social and ritual activities in relation to social change at the
site of Liangchengzhen in southeastern Shandong province. The investigation of vessels from
Liangchengzhen presents a rare opportunity to examine food consumption at a large regional
Longshan period center (ca. 2500-1900 BC). Interpretations are made about the nature of
consumption activities over time on the basis of vessels deposited in pits that are hypothesized as
offering pits, versus storage and trash pits. In addition, consideration is given to spatial and
chronological variation at the center with respect to the consumption of hypothesized preferred
foods (meat, rice). To my knowledge, the research is the first systematic study of food residues
from the interior of Neolithic vessels from ancient China that will relate the results of the residue
analysis to patterns of food consumption and social change.

Food Consumption and Complex Societies
Consumption of food is a part of the human social process. Not only does food provide
basic nourishment but also commensality. Food and the patterns of consumption it represents have
provided a new dimension for analyzing social changes (see Bray, 2003; Hayden, 2014a; Hayden
and Villenueve, 2011; Twiss, 2012a). Patterns of food consumption are intimately linked to
economy, culture, social organization, and identity (Douglas and Isherwood, 1996; Hayden,
2014a; Twiss, 2007). The choice of particular foods for cultivation and the transformation of these
“edible resources” into food through preparation and cooking is “at the heart of the cultural
process” (see Reinhart, 2011). The patterns of food consumption represent “embodied practices”
that are shaped by choices, either intentional or unconscious, where choices become instrumental
in the process of “culture-making” (Stahl, 2002:827, 832). Food can be used to negotiate status in
familial relationships (kinship or persons from the same descent group) or to integrate and maintain
familial and social cohesion, i.e., daily consumption of meals consisting of socially acceptable
foods among persons from the same household (Smith, 2010; Twiss, 2012a). Food has been used
as a means to obtain political and economic power in order to establish control or leadership, or to
negotiate alliances (Earle, 2002; Twiss, 2012a).

Development of Social Complexity
The emergence of ranked societies has often been linked to different patterns of food
consumption (Curet and Pestle, 2010; Hayden, 2014a; LeCount, 2001; Mills, 2004; Stahl, 2002;
Weissner and Schiefenhovel, 1996). Some researchers (Underhill, 2002:7; see also Haas, 1982;
Earle, 1991, 1997) have stressed the importance of considering control of agricultural modes of
production (and subsequent access to socially valued foods) in state formation. A common vehicle
2

in ranked societies for utilizing food and food vessels in social networking and giving gifts of food
was feasts (Dietler and Hayden, 2001; Hayden, 2014a; Underhill, 2002). The social dynamics of
prehistoric feasting involved a balance between the political interests of leaders and the community
needs
Several theoretical frameworks (see Hayden, 2014a for review) have been applied to food
consumption and feasting including political economy (see Earle, 1991, 1997, 2002; Underhill,
2002), behavioral (Schiffer, 1976), cognitive archaeology theory (Renfrew, 2012), and cultural
ecology (Rappaport, 1984), among others. Hayden (2014:18) recently developed a hybrid
theoretical category of “paleo-political ecology” that applied to the surplus production of food for
feasting events. In this thesis, patterns of food consumption primarily incorporate elements from
the theoretical framework of political economy put forth by Earle (1987, 1991) that adheres to the
premise of wealth and staple finance by elites who requisitioned control of agricultural resources
and feasting as a strategy for the acquisition of social, economic, and political power (see also
Hayden, 2014a:17; Johnson and Earle, 1987; O’Reilly, 2014; Underhill, 2002:7). In staple finance,
elites garner control by creating “differential access to productive resources” that, in return, allows
control over labor (Earle, 1987:294). In wealth finance (D’Altroy, et al., 1985:188), elites use the
“manufacture and procurement of special products”, i.e., agricultural resources, to use as means of
payment and exchange. In most complex societies, the type of political economy involves a
combination of wealth and staple finance.
Archaeological studies have demonstrated that feasting often could be used to create complex
political systems with different social outcomes for those who were included in the feasts and those
who were not (Hayden and Villeneuve, 2011). Integrative feasting would have also occurred in
ranked political systems, however, the manner of contextual preference for these types of feasts
3

has not been as systematically explored (Junker, 1999; Underhill, 2002). Twiss (2012b:54)
cautions archaeologists about contrasting feasts with domestic consumption, arguing that a
relationship exists between the two practices and feasts are “one aspect of a culture’s food
behavior” not an isolated phenomenon. Archaeological studies of food consumption tend to
aggregate the “diversity” of daily eating practices into a background composite to differentiate
feasting activities (Twiss, 2012a:363).
In addition, the household at the local level is the “most common social component of
subsistence” and is linked to the larger social reproduction (see Liu, 2004:33-72). This study
examines contexts that provide evidence of social relations at varying scales, potentially both
competitive and integrative, from the household to the community from early to late phases at
Liangchengzhen.
Because food consumption and feasting are closely related to the appearance of communal
structures and ritualized space (Hayden, 2014a:17) and because the units of analysis in this thesis
are spatially hypothesized ritual and storage/trash pits, ancillary contributions from the
contextual/spatial theoretical framework of phenomenology (see Buttimer, 1976; Lefebvere, 1976)
that is often used in landscape archaeology (Kosiba & Bauer, 2013) are used to interpret the
findings of this thesis. According to Buttimer (1976: 283, 285), there is “coincidence of social and
spatial identification within a region” where the “boundaries of spatial experience coincide with a
social world rather than with a particular area”. These socially defined spaces subsume a dialogue
in which human agents ascribe meaning and significance “where there is a distinction between
“lived space” and “representational space” (Buttimer, 1993:114). K. C. Chang (1967:30) regarded
the space dimension in archaeology as a “social space” that had no properties “outside those which
derive from the social phenomena which furnish them” (see also Levi-Strauss, 1963). The spatial
4

templates of social boundaries and distinctions are “reproduced in the very places, practices, and
perceptions through which people define, engage with, and live within their environment” (Kosiba
& Bauer, 2013:94). In this thesis, the spatial units, hypothesized storage-trash (lived space) and
ritual (representational space) pits, were socially defined by the inhabitants at Liangchengzhen,
with ritual pits representing a space defined for ritual practice not daily living activities.

Ceramic Studies in Chinese Archaeology
Ceramic studies contribute to our understanding of cultural practices (e.g. daily, ritual, by
social rank), as well as changes over time in production, use, and dietary contents (see Rice, 1987;
Sinopoli, 1991). Ceramic artifacts provide a large segment of the material culture that
archaeologists use to interpret the past.
The study of ceramics in North China has focused primarily on association with ritual use and
social ranking as well as culture history and relative dating (see Underhill, 2002). A growing
number of publications have also discussed ceramic exchange during the Neolithic (see Liu and
Chen, 2012) and the late Neolithic in Shandong (see Luan, 2013; Sun, 2013). Scholars have argued
that food vessels were used as a strategy by elites, e.g. control of production of prestige wares or
wealth finance, to obtain, maintain, and increase power during the Neolithic (Underhill, 2002; Liu
& Chen, 2006). Potential evidence of feasting by elites at Liangchengzhen during the Longshan is
provided by excavation of a pit (H31) with a large quantity of whole vessels. Subsequent residue
analysis of these vessels in H31 indicated the presence of a fermented mixed beverage (McGovern,
et al. 2005a, 2005b). Alcoholic beverages and meat seem to have been regarded as prestige foods
during the Neolithic and Bronze Age, used for negotiation or ritual occasions at least in some cases
(Underhill, 2002). Another indicator of social stratification during the Neolithic was the
5

hierarchical pattern of ceramic distribution, e.g. the diversity of ceramics found at primary centers
was greater than those at secondary and tertiary centers at least in Southeast Shandong where
Liangchengzhen is located (Underhill, et al., 2008). What is needed is functional assessment of
vessels by means of residues since previous studies have relied on vessel form.
Ceramic studies of daily living activities, e.g. utilitarian and functional ware, are limited. Liu
(2004:39-42) examined 19 houses from 5 sites from the Yangshao, Dawenkou, and Longshan
periods in Henan and Shandong provinces and found that food vessels were the primary factor
affecting increased numbers of household artifacts during the Neolithic supporting a hypothesis of
household ritual feasting. However, other explanations are possible, e.g., studies indicate that the
propensity for some forms of pottery to break more easily and the process of site abandonment are
factors that affect the types of vessels found inside houses (see Rice, 1987; Sinopoli, 1991).
Examination of pottery from two Longshan habitation contexts, Hougang and Baiying,
revealed increased diversity of ceramic production over time suggesting “an increase in small scale
feasting events…at the local level” (Underhill, 2002: 177). The situation should be investigated in
more detail, as this thesis will do.
The use of Neolithic ceramic vessels has been inferred from other contextual data, e.g.
burials, or from written historical accounts from various dates in the Bronze Age (see Table 1.1)
(see Wen, 1980). However, we cannot assume that information from later texts applies to the
southeastern Shandong Neolithic. The assumption that ding tripods were used for meat continue
to be made and findings such as animal bones inside ceramic Neolithic ding (see Underhill,
2002:291-297) encourage the assumption that ding were used in the same way in every area in
every region. According to Chang (1977:35), “continuity of cooking methods, vessels, and utensils
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from the Neolithic to the later periods is almost total; methods described in the later dynasties
probably had origins in the Shang or Neolithic”.

Table 1.1. Hypothesized function and use of pottery forms from Liangchengzhen
Pottery Forms
Ding Tripod

Hypothesized Function & Use
Cooking meat (coarse paste)
Serving meat (fine paste)

Penxing Ding (Ding subtype)

Serving foods

Guanxing Ding (Ding subtype)

Cooking foods

Yan tripod

Steaming vegetables and grains

Guan jar

Storage of "wine" i.e., fermented beverage, and food
Cooking foods (coarse paste)

Gui tripod pitcher

Cooking; boiling soups or stews
Serving by pouring; heating "wine"

(Based on research from Underhill, 2002:291-297)

Although defining vessel use on the basis of vessel form and decoration by activities like
storing, serving, cooking, processing, or transferring implies function, pottery needs to be analyzed
by “what did the vessel contain” as well (Regert, 2007:61). This thesis is dedicated to determining
if there were different uses for the various vessel forms.

The Longshan Culture and Liangchengzhen
The Longshan culture in North China consisted of several culturally distinct regions whose
centers were considered urban (Luan, 2009a; Sun, 2013). Settlement patterns and lifeways varied
among the Longshan regional cultures, i.e., nucleated vs. dispersed settlement pattern, a topic that
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merits further investigation (see Underhill, 2013). The Shandong Longshan is considered by
scholars as “the typical Longshan culture” (Sun, 2013: 437). Liangchengzhen was a large regional
center located in southeastern Shandong province near the Yellow Sea that became a four-tiered
hierarchy by the Middle Longshan (see Chapter 2 for more detailed discussion). Research on major
centers such as Liangchengzhen are needed to provide insight into the development of urban social
complexity (see Underhill, 2013).

Hypotheses about Food Consumption at Liangchengzhen
This thesis identifies different patterns of food consumption across space and time that
provide a systematic analysis of residues from vessels excavated from pits that are promising for
evidence of different kinds of social relations, competitive or integrative, from early and late
phases. The primary hypothesis of this thesis contends that evidence of increasing social inequality
with respect to food consumption will be found from early to late site phases at Liangchengzhen,
with patterns of food consumption in ritual pits developing along a continuum (as suggested by
Underhill, 2002:50) from somewhat competitive and integrative in the early phase to either
competitive or “elite exclusive” by the late phase (see Fig. 1.1).
In addition, rice and meat from mammals, such as pigs, deer, and cattle, are hypothesized
as the most likely types of prestigious foods for daily and ritual activities. An increased
consumption of rice over time in China (see Jin, 2009; Luan, 2013; Sun, 2013; Yu, 2013), and for
Asia as a whole (see Smith, 2010) supports rice as a socially valued food. According to Yu (2013),
the consumption of rice over time in northern China was used as an indicator of identity for gender,
ethnicity, or social status. Yu (2013) postulated that rice introduction from South China may have
been the catalyst for social stratification at the Dawenkou sites.
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~ 200 years

Early
Phase
Ritual Pits

• Integrative
• Somewhat
Competitive

Late
Phase
Ritual Pits

• Competitive
OR
• " Elite
Exclusive"

4-tiered hierarchy with increasing nucleation

Figure 1.1. Theoretical (political economy) model of developing social inequality based on
hypothesized consumption patterns in hypothesized ritual pits from early to late phases at
Liangchengzhen

At Liangchengzhen, rice (Oryza sativa) was the most common cultigen based on the
density, number, and weight of seeds recovered (Crawford, in press; Crawford, et al., 2004, 2005;
see Chapter 3 for more detailed discussion). The importance of meat from mammals for ritual and
for feasting in more than one era of early historic China has been documented (Hayden, 2014;
Underhill, 2002; Yuan and Flad, 2005). However, at Liangchengzhen, the importance of cattle is
not well understood because of the poor preservation of animal bone, and deer are limited as well
with recovery of animal remains consisting primarily of pig teeth (Bekken, in press). The residue
analysis in this thesis is especially valuable because the poor animal bone preservation and the
limited recovery of macrobotanical remains (Crawford, in press) provide incomplete data.
Fish and marine foods in general were hypothesized to be readily accessible foods that
average households could obtain since Liangchengzhen was close to the sea (approximately 6-8
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kilometers from the Yellow Sea) and to freshwater rivers. These food sources would not have as
high a value as mammal meat which would have involved domestication and feeding of livestock
and/or hunting. The potential lines of evidence that are expected to be found in support of the
primary hypothesis are listed in Table 1.2.
Specifically, by the late phase at Liangchengzhen, prestigious foods will be spatially
restricted and less common; residues of prestigious foods will be found more often in ritual pits;
feasting rituals will be restricted, therefore the hypothesized ritual pits will be more localized; and
other pits for trash and storage will contain fewer residues of prestigious foods and a greater
abundance of millet, plants and fish.

Table 1.2. Four lines of potential evidence supporting the primary hypothesis
Early Phase

Late Phase

Prestigious foods, i.e., rice and meat will be
spatially widespread and available to many
households for ritual or general purposes
Prestigious foods will be more common and
will be found in a wide variety of pottery
vessels, i.e., coarse wares, fine wares, poorly
constructed vessels, finely crafted vessels
Feasting* rituals will be widespread, the
hypothesized ritual pits will be relatively
numerous and in several locations; the ritual
pits should contain evidence of prestigious
foods in pottery residues.
The hypothesized trash and storage pits will
also have evidence of prestigious foods in
pottery residues.

vs.

Prestigious foods will be spatially
restricted.

vs.

Prestigious foods will be less common
and residues from prestigious foods will
be found more frequently in ritual pits.

vs.

Feasting rituals will be more restricted
therefore the hypothesized ritual pits
will be more localized and some will be
spatially restricted

The hypothesized trash and storage pits
will have fewer residues of prestigious
foods and greater abundance of nonprestigious foods, i.e., millet, plants,
and fish.
*
It is possible that ritual activity may have been ancestral tribute rather than feasting
vs.
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It is also possible that the research will support alternative interpretations other than the
primary hypothesis. For example, change in food consumption from the early to late phase at
Liangchengzhen may have become more homogenous over time. This finding might indicate that
the small excavated spatial area (see Fig. 2.2) with limited evidence for variation in social ranking
(from burials more than housing) excavated within the large Liangchengzhen settlement had
become a more restricted neighborhood for one social rank by the late phase.
The alternative may also indicate that some prestigious foods at Liangchengzhen had
become more readily accessible for rituals and widespread by the late phase, as in South Asia
where rice was an elite ritual food but was also used regularly in domestic settings and rituals
accessible to all (see Smith, 2010).
In order to test these hypotheses, multiple methods have been incorporated into the study
in an attempt to identify non-random patterns in the data.

Analytical Approach
Lipid Residue Analysis
Chemical analysis of ancient residues is one of the most promising techniques in
archaeology (Gregg, et al., 2009; Rafferty, 2007). Lipids occur widely at archaeological sites and
have been extracted from a variety of materials (Evershed, 2008). Lipids include fats, waxes,
resins, and volatile oils that are insoluble in water but extractable by solvents (Killops and Killops,
2005). The structural diversity of lipids is advantageous to archaeologists because different
structures can be traced to specific sources (Evershed, 1993). Ceramic residue analysis of
earthenware, in particular, is helpful to archaeologists since ceramic vessels have the property of
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absorbing large quantities of organic matter from the materials contained in them during their
lifetime of use.
A limitation of lipid residue analysis is the possibility of contamination from numerous
sources that can bias results, i.e., after excavation from the site, during storage, and laboratory
processing. Archaeological materials are also diagenetically altered by nature through chemical
and microbiological changes (Evershed, et al., 1999) leading to degraded samples that may provide
inaccurate results. In addition, mixing of foodstuffs from multiple sources may occur (see Charters,
et al., 1995; Evershed, 2008; Mukherjee, et al., 2007; Olsson and Isaksson, 2008). Ceramic experts
(see Rice, 1987; Sinopoli, 1991; Skibo, 1992) have noted for quite some time that vessel forms
were often used for more than one purpose. Anthropogenic transformation of lipids presents a
disadvantage of ceramic residue analysis since the human mixing of ingredients in cooking vessels
can mask the interpretation of residues. It is realized that the ceramic vessels at Liangchengzhen
would have often been used to cook, serve, store, or consume more than one type of food since the
residue represents information obtained over the use-lifetime of the pot (see Reber, 2004b),
representing a mixture more than a palimpsest. Despite the disadvantages, lipids are more likely
to be preserved within the pottery matrix over millennia more so than other organic materials, i.e.,
proteins, because of their hydrophobicity and resistance to structural alteration (Stacey, 2009).

Analytical Procedures
The steps in lipid residue analysis consist of sampling, extraction, and analysis. Pottery
sherds chosen to represent categories from different kind of pits (storage/trash, ritual) and pottery
types (ding, guan, yan) were collected after excavation at Shandong University, Jinan, China and
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at the Rizhao Museum, Rizhao, China (See Appendix I). The selection of pottery sherds also
contained an opportunistic component based upon the ability to locate appropriate bags during my
stay in China. Extraction procedures consisted of accelerated solvent extraction (ASE) to obtain
the total lipid extract (TLE), separatory funnels to further separate the organic and aqueous phases
of the sample, and column chromatography to obtain the alkane fraction of the total lipid.
The alkane lipid fraction was analyzed by gas chromatography/mass spectrometry
(GC/MS) at the College of Marine Science, University of South Florida, St. Petersburg, FL.
Selected reference samples were analyzed by compound specific isotope-ratio analysis (GC-IRMS) performed at the Center for Applied Isotope Studies at the University of Georgia. Organic
biomarkers of C15, C17, C25, and C27 alkane peaks were used to identify food sources (for
reviews see Evershed, 2008; Regert, 2011).

Spatial Analysis
The spatial distribution of archaeological data can provide insights about social context
(Palmer and Van der Veen, 2002). Spatial analyses included point pattern density and clustering
function within a relational database to provide support for the hypotheses in Table 1.2, especially
to ascertain the spatial distribution of prestigious foods vs. non-prestigious foods within the spatial
scale of pits from early to late phase.

Data Analysis
The statistical method used for analysis of the data included correspondence analysis for
categorical relationships (Greenacre, 2010). Correspondence analysis can indicate distance or
proximity of food categories within the context of pit types from early and late phases.
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Summary of Chapters
Six subsequent chapters are contained in the dissertation. Chapter 2 describes the
geographical and politico-cultural context for the site of Liangchengzhen. Chapter 3 reviews the
cross cultural literature concerning the use of food in archaeology, the significance of food during
the Shandong Longshan, and provides a theoretical foundation for the research hypotheses.
Chapter 4 describes the methods that are used to analyze the pottery samples. Chapter 5 reports
the results of the lipid residue and spatial analyses, and Chapter 6 interprets the results in relation
to the research hypotheses and theoretical foundations, while also discussing the limitations of the
study. Chapter 7 summarizes the conclusions of the research within the theoretical framework of
the dissertation and offers suggestions for future research.
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CHAPTER TWO
LIANGCHENGZHEN AND THE SHANDONG LONGSHAN PERIOD

Introduction
Liangchengzhen (ca. 2600-1900 B.C.) was a Longshan period site in the Rizhao district of
southeastern Shandong province approximately 6-8 kilometers from the coast of the Yellow Sea
(Fig. 2.1). A collaborative Sino-American excavation involving participants from Shandong
University, Yale University, and The Field Museum took place from October-December, 19992001. A systematic, regional survey found that Liangchengzhen was a large regional center of a
four-tiered settlement hierarchy (Fang et al., 2008; Luan, 2009a; Underhill et al., 2008; Shandong
University Team in press). Excavation Area One (labeled “Main Area” in Fig. 2.2) covers 704 m2
and is situated on a slightly raised area west of the Bei Xiao He and Chao He rivers. Excavation
Area One was the widest contiguous area opened up, revealing house remains, pits, and burials
where researchers did screening and flotation and took many soil samples for macrobotanical and
phytolith remains. The trench areas, i.e., T007 (see Fig. 2.2) were not dug with as precise methods
since the purpose was to recover structural evidence such as moats, possible wall sections, and to
estimate other kinds of remains in other site areas. Established during the early Longshan period
(ca. 2600-2400 B.C.), Liangchengzhen grew to its maximal extent by the middle Longshan period
(ca. 2400-2200 B.C.) with a sherd surface coverage of ca. 250 ha and an extent of remaining
cultural deposits ca. 100 ha. Liangchengzhen was one of the largest settlements in northern China
15

Figure 2.1. Location of Liangchengzhen near Rizhao, Shandong Province in the Haidai region
showing southeastern Shandong survey area (black line). Adapted from China Historical GIS,
2012; Underhill, et al., 1998, 2008.

during the late Neolithic (Luan et al., 2004). Scholars have debated whether Liangchengzhen was
a chiefdom or, due to its size and four tiered settlement structure, even a state (see Underhill et al.
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2008). Others have emphasized the urban nature of Liangchengzhen (Sun, 2013; von
Faulkenhausen, 2008). Underhill (2013:8) argues against the application of labels such as state or
chiefdom, recommending instead a focus on “the nature of regional organization”.

Large

Longshan settlements in northern China tended to have residential areas that included elite and
lower-class houses, burials, and pits utilized for refuse and for ritual, along with larger features
such as rammed earth walls and surrounding ditches that might have been moats (Liu and Chen,
2012; Liu, 2004).

The Haidai Region
The Haidai region, first described by Gao and Shao in 1984, is a concept of cultural
geography representing a region between the lower riverbeds of the Huang He (Yellow River) and
the Huai He (see Fig. 2.1). The Haidai region could be said to include the area from the ShandongHenan border in the west to the Yellow Sea in the east” (Luan and Wagner, 2009:1). The area
encompasses “northern Jiangsu, eastern Henan, and northern Anhui provinces” as well as
Shandong province (Underhill, et al., 1998:455; see also Luan, 2004). This area has also been
described as the lower Yellow River valley (see Liu and Chen, 2006:152; Underhill, et al.,
1998:456). Shandong province is located along the eastern seaboard of the Haidai region (Fig.
2.1). The climate of Shandong is warm, sub-humid, and temperate, i.e., continental monsoon type
(see Underhill, et al., 1998; Zhao, 1986). Precipitation is moderate with substantial seasonal
variation, with most rain occurring during the summer. Most rivers in North China are rapidly
moving bodies of water that flow from west to east, including the Huang He and Huai He. Rivers
originate in the mountains or highlands, flow to the lowlands, and discharge into the sea (Zhao,
1986). Flooding is common in the lowlands, but the area within the Rizhao district and
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Liangchengzhen have been spared somewhat by surrounding mountainous terrain (see Cunnar,
2007). However, a hydrological problem of North China’s rivers is the very large sediment (silt)
build-up that “originates in the loessic lands of mountains and plateaus” (Zhao, 1986:111). The
primary vegetation in Shandong is the deciduous, broad-leaved forest although it is thought that
the area was more forested in prehistoric times based on pollen analysis and faunal remains (see
Underhill, 1997; Underhill, et al., 1998). Clearance of natural occurring vegetation for agricultural
purposes has been ongoing in North China for many years (see Underhill, et al., 1998; Zhao, 1986).
Soil types include brown forest soils (luvisols), drab soils (cambisols), and heilu tu (dark loessial
soils) with the brown forest soil found along the Shandong peninsula (Zhao, 1986:111).
The Rizhao district, located on the southeast boundary of the Shandong peninsula, consists
of a “flat, coastal plain that extends inland for about 2-5 kilometers” before the terrain abruptly
moves into rolling hills and low-rise mountains, i.e., the Cishan and Heshan mountains (Underhill,
et al., 1998:455). The Rizhao district has four major topological areas: 1) floodplains; 2) low spurs
and rises above the alluvial plain; 3) piedmont ridges; and 4) mountains with coniferous trees
(Underhill, et al., 1998:455; Zhao, 1986). The site of Liangchengzhen occurs on a low rise
(Category 2) that is part of a “natural terrace on the southwest side of the Liangcheng River, a few
hundred meters from the confluence of that river with the larger Chaobai River” (Underhill, et al.,
1998: 456).
The geologic basement in North China, and Shandong in general, is composed of
metamorphic and magmatic rocks (Cunnar, 2007; Zhao, 1986). The geology in the area
surrounding Liangchengzhen comes largely from the Taishan group of the Archean strata that
contains rocks such as “hornblende dominant rocks, gneiss, magnetite quartzite, biotite granulite,
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biotite plagioclase gneiss, hornblende/biotite plagioclase gneiss, hornblende schist, hornblende
granulite, talc, schist, treolite schist, and granulite (Cunnar, 2007:147 citing Province, 1991:536).
The cultural periods (see Table 2.1) during the Neolithic in the Haidai region included the
Houli (ca.6500-5500 B.C.), the Beixin (ca.5000-4100), the Dawenkou (ca.4100-2600 B. C.) and
the Longshan (ca.2600-1900 B.C.) periods (Luan & Wagner, 2009:2; see also chapters in
Underhill ed., 2013).

Table 2.1. Cultural periods in the Haidai region during the Neolithic
Period
Dates
Houli
ca. 6500-5500 B.C.
Beixin
ca. 5000-4100 B.C.
Dawenkou
Early
ca. 4150-3500 B.C.
Middle
ca. 3500-3000 B.C.
Late
ca. 3000-2650 B.C.
Longshan
Early
ca. 2600-2400 B.C.
Middle
ca. 2400-2200 B.C.
Late
ca. 2200-1900 B.C.
(adapted from Underhill, et al., 1998; Luan & Wagner, 2009)

Scholars have identified different types (leixing) of Longshan cultures in northern China
primarily on the basis of ceramic styles (Luan & Wagner, 2009; Underhill, 1998:456). The regional
sub-cultures of the Longshan were given different names to distinguish their cultural differences
(see Sun, 2013). The Longshan in the Haidai region is referred to as the “Classical Longshan
Culture” or “Shandong Longshan Culture” (Luan & Wagner, 2009:.9-10; Sun, 2013). Even within
a cultural geographic area, lifeways in southeastern Shandong may have differed from those found
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in western Shandong during the Longshan (Underhill, 2013; Underhill, et al., 2008), although no
comparable data is available yet since very few sites within the survey region have been excavated.

Evolution of Settlement Patterns in Southeastern Shandong
The reconstruction of regional social systems is crucial to understanding the development
of complex societies, structures that promoted centralized regional populations, and facilitated the
emergence of early states in China (Liu, 1996:240; Earle, 1987:279; 1991:1). According to
Underhill, et al., (2008:9; 2002:749; 1998:460-464), regional settlement analysis examines the
relationship “between the decision-making hierarchy and the settlement hierarchy (settlement size
in hectares vs. frequency of sites)”. The number of tiers in the settlement hierarchy can be used to
estimate the number of decision- making levels, which in turn are assumed to have a positive
correlation to the degree of social complexity (Liu, 1996:239, 240; Flannery, 1972:410). A four
tiered settlement hierarchy, usually associated with state-level complexity, would have 4 tiers of
settlement hierarchy with 3 levels of administrative hierarchy to “govern” (see Liu, 2004:160).
However, many debates exist about the interpretation of survey data. This thesis examines the
changes of intra-site social complexity from early to late phases via patterns of food consumption
in ritual and storage trash pits at Liangchengzhen, which had become a four-tiered regional
settlement center by the middle Longshan, a time period that coincides with the late phase of this
thesis. The study design did not allow for inter-site analysis to evaluate Liangchengzhen’s
relationship to its surrounding sites.
Underhill, et al., (1998, 2002, 2008:2) used full-coverage regional survey analysis over a
period of 11 years “covering 1120 km2“ to examine occupation of southeastern Shandong (Rizhao
area) during the Neolithic, a geographical area within the Haidai region (see Fig. 2.1). Settlement
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hierarchy patterns were defined using the size of the site, the continuous distribution of surface
sherds, and the frequency of surrounding smaller sites (Underhill, et al., 2008:4).
The earliest settlements occurred during the Beixin period, consisting of a few sites
characterized by “an established agricultural economy, a range of craft goods (including low fired,
thick pottery), and pit burials with grave goods” (Underhill, et al., 2008:4). Dawenkou settlements
demonstrated “a marked increase in regional population” (27 mapped locations) with Dantu (13.4
ha. sherd surface area) being the largest site in the Rizhao area and Yaowengcheng (5.8 ha. sherd
surface area), the largest site in the southern survey area (Underhill, et al., 2008:5). Dawenkou
period populations brought an “established agrarian economy and social hierarchy” to the Rizhao
area. Yu (2013: iii) found that Dawenkou foodways differed between sites as well as among
persons within sites, i.e., some sites had “millet and millet-fed pigs” while others had “C3 plants
such as rice, C3 fed animals, and/or aquatic resources”. According to Luan (2013:414), rice “was
not the major crop” at most Dawenkou sites, with the exception of the southern Dawenkou culture
area in the late period where rice exceeded millet in importance. Stable isotope analyses from
residents at Lingyanghe indicated that “high-ranking” individuals consumed C3 plants, i.e., rice
while “ordinary” people from a smaller site (Xaiozhucun) in the same county (Juxian) consumed
primarily C4 foods, i.e., millet (Luan, 2013: 414). The variation in Dawenkou burials indicated
social differentiation or ranking (Underhill, et al., 2008:6; see also Underhill, 2002; Underhill and
Habu, 2006).
The number of Longshan sites found in the survey increased dramatically (over 400 sites)
along with a shift in settlement pattern. By the Middle Longshan (ca.2400-2200 B.C.), settlements
became more densely inhabited “possibly indicating an increase in population nucleation”
(Underhill, et al., 2008:9). Two large centers were found “on or near major river systems”,
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Liangchengzhen in the north (ca. 250 ha. sherd surface area) and somewhat larger Yaowangcheng
in the south with different settlement patterns noted for each site that may have “represented
diverse patterns of elite control” (Sun, 2013; Underhill, et al., 2008:2). In the organization of the
peripheral, lower-tiered settlements to the core there was a more nested hierarchy of sites around
Liangchenzhen, whereas sites around Yaowangcheng were more dispersed. Yaowangcheng
represented a less hierarchical settlement pattern in relationship to its peripheral sites (Underhill,
et al., 2008:8, 11). The emergence of regional polities in the form of “settlement hierarchies of
large centers surrounded by smaller, presumably subsidiary, communities” (Underhill and Habu,
2006:130) characterized the settlement pattern found at Liangchengzhen.
Agriculture or the production of crops was a linchpin of Longshan culture and was
important to “elite rule and social stability” (Sun, 2013:448). Foxtail and broomcorn millet were
the primary food found at the majority of Longshan sites, with a few sites yielding rice, including
Liangchengzhen (for more detailed information on Liangchengzhen foodways, see Chapter 3).
Domesticated animals in the Longshan included pigs, dogs, cattle, and goats with some wild
animals, i.e., deer, and aquatic species (fish, turtles, alligators) also present (Sun, 2013: 449).

Liangchengzhen
Liangchengzhen is located in southeastern Shandong province near the modern city of
Rizhao at the geographical coordinates of 35.59 N, 119.57 E. The region of southeastern Shandong
is bordered by the Wulian mountains in the west, the Yellow sea in the east, with mountain ranges
on the northern and southern termini (Sun, 2013).
Initial excavations at the archaeological site began in 1936, but were halted from 19371945 by the Sino-Japanese War, Activities by local archaeologists resumed during the mid-1950s22

1980s, with a more recent, collaborative Sino-American excavation involving participants from
Shandong University, Yale University, and The Field Museum taking place from OctoberDecember, 1999-2001 (see Underhill, et al., 1998, 2002:746, 2008). Table 2.2 provides a
chronology of archaeological activities at Liangchengzhen.

Table 2.2. Chronological Timeline of Archaeological Activities at Liangchengzhen
Timeline
1936-1937

Activity
Initial excavation; activities stopped
due to Sino-Japanese war, 19371945;

Artifacts Recovered
Jade; high polished
thin-walled ceramics

1937-1945

Sino-Japanese war

Dispersal of most
artifacts and field notes
to Taiwan; included an
unfinished excavation
report; Taiwan
scholars were still
completing the report
in 1995

1950's

Brief reconnaissances and test
excavations by archaeologists from
Shandong University

Not available

Late 1970's-early 1980's

1985

1999-2001

Large scale reconnaissances in the
Rizhao District by local
archaeologists
Publication of book by Nanjing
Museum illustrating pottery vessels
from early field expeditions

Excavation by Sino-American team
from Shandong University, Yale
University, and the Field Museum

(Information in table consolidated from Underhill, et al., 1998, 2008)

23

Pottery collections
from Liangchengzhen
and other sites
Not applicable
Burial and house
remains; ceramic
sherds and whole
pottery vessels; faunal
remains; plant and
grain macrobotanical
remains from flotation

Liangchengzhen was occupied during all three sub-phases (Early, Middle, Late) of the
Shandong Longshan (see Table 2.1). The site developed quickly into a four tiered settlement
hierarchy in the Early Longshan reaching its maximum size (100 ha.2.1) and influence during the
Middle Longshan (Underhill, et al., 2008). The core site area at Liangchengzhen experienced a
surge in population density during the Middle Longshan while the peripheral, lower-tiered sites
surrounding Liangchengzhen experienced a population density decrease. The phenomenon of
population nucleation at regional centers, in general, is a sign of emerging urbanization. At the
regional administrative center of Liangchangzhen, it was a possible indicator of increased power
by elites over surrounding areas in the immediate region (Underhill, et al., 2008:10, 13).
Alternatively, population nucleation at regional centers like Liangchengzhen can indicate
“increased interaction between communities” and demonstrate a desire for cooperative
relationships as well as competitive or dominant ones (Underhill, et al., 2008: 13). It is plausible
to hypothesize that the two situations are not mutually exclusive and elements of both may have
been practiced by Liangchengzhen elites, however, the prevailing idea holds that Liangchengzhen
related hierarchically to its surrounding sites with the nucleation of surrounding sites representing
“an elite strategy to control the labor and subsistence goods from nearby communities” (Underhill,
et al., 2008:24. This thesis provides data on social change via patterns of food consumption within
the site of Liangchengzhen. Without further excavation on Liangchengzhen’s surrounding sites,
conclusive statements cannot be made about the phenomenon of population nucleation and its
relationship to elite control strategies that occurred at Liangchengzhen during the Middle
Longshan.

2.1

100 ha. represents the known area of buried deposits vs. the 250 ha. surface distribution of sherds mentioned on
p. 18.
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Excavation Area One (Sino-American Collaborative, Oct.-Dec. 1999-2001)
The main excavation area, Excavation Area One, covered a small segment (740 m2) of the
core site area (Fig 2.2). Excavation Area One was divided into 4m2 grids (see Fig. 2.3) and the site
phases spanned a roughly 200 year period during the Early and Middle sub-phases of the Shandong
Longshan (Lanehart, et al., 2008, 2011; Underhill, et al., 2008).
At Liangchengzhen core site area), the excavation team found two inner and an outer moat,
but only tentative traces of a walled enclosure. The neighborhood in Excavation Area One (Fig.
2.3) was thought by the research team to be a primarily “middle class” neighborhood based on
burial and house remains. Ceramics recovered from areas explored by trenches to the east may
have indicated a higher ranking residential area. Jade artifacts and fine eggshell pottery found at
the site, as well as differential burials, indicated the presence of higher status or elite residents
(Underhill, et al., 1998, 2002). There was a greater diversity of ceramic decorative types and paste,
a larger number of serving vessels, and a larger quantity of thin-walled, highly polished black
fineware sherds than in smaller, contemporary sites (Underhill, et al., 1998, 2008; Shandong
University, in press). Possible evidence of pottery production in Excavation Area One was
indicated by the presence of stones for burnishing ceramics (Cunnar, 2007). Macrobotanical
remains of rice occurred at a higher density than other grains (see Crawford, et al., 2004, 2005),
Pits hypothesized as ritual pits for feasting and ceremonial activities were also present in
Excavation Area One (see Lanehart, et al., 2008, 2011; McGovern, et al., 2005a, 2005b; ).
Liangchengzhen was an important regional administrative center with a hierarchical
settlement pattern in relation to its surrounding sites. It is possible that intra-site practices also
reflected differential social relationships between residents, i.e., food may have been consumed
differentially by Liangchengzhen residents as Yu (2013) described at Dawenkou sites.
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Fig. 2.2. Core site of Liangchengzhen showing Excavation Area One (Main Area) and trench
excavations. (Used with permission from Anne P. Underhill, Yale University. Map created by
Geoffrey Cunnar, Russ Quick, and Jill Seagard).
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Figure 2.3. Excavation Area One (labeled as Main Area” in Fig. 2.2, excavation units relevant to
this thesis)
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Conclusion
The Longshan period in the Haidai region during the Neolithic lasted only about 600 years
but provided a “cultural flourish” foreshadowing the dynastic eras of the Shang, Zhou, and Han
states (Luan, 2009a:72). Distinctive ceramic technology (.e.g., eggshell-thin black pottery for ritual
use made from fine cleaned clay, the pottery wheel, and high firing temperatures), agricultural
practices (e.g. expanded cultivation and spread of rice), and the production of jade (also found
during the Dawenkou period in Shandong) characterized the cultural achievements of the
Longshan period in the Haidai region. According to Luan (2009a:73), the Longshan period in the
Haidai region was “highly stratified” and “well on its way to becoming or already having reached
the stage of an early state”. The consumption of food and the use of food vessels during the
Neolithic Shandong Longshan is a cultural practice that mirrored or possibly catalyzed the
development of social complexity (see Underhill, 2002:71).
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CHAPTER THREE
FOOD, GLORIOUS FOOD

“Food and eating are among things central to the Chinese way of life”
K. C. Chang (1976:121)

Food is material culture
Material culture or materiality is an archaeological concept that has been used to study
connections between people and archaeological objects, focusing on relationships and networks
(Van der veen, 2014). Food has been a part of survival in daily life since humans began hunting
and gathering, a biological necessity requiring consistent provision or production. The
consideration of food as material culture by archaeologists began from a perspective of nutrition
and subsistence (see Hayden, 2014a; Twiss, 2007). More recently, food in material culture has
been examined from other perspectives, including the context of intra-cultural social diversity, i.e.,
how does food and its attending behaviors reflect the different diets or food activities of different
social groups within a site or culture (see Twiss, 2012a).
Archaeologists utilize foodways to help them understand the processes in the development
of social complexity, i.e., does the society hunt and gather food or are plants and grains cultivated
and animals domesticated; how is the food cooked, i.e., if food is cooked, are vessels used to cook
food or is food roasted on an open fire; if vessels are used to cook food, is the fabric sustainable
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(ceramic) or temporary; are socially valued (see Spielmann, 2002:195) and commonly used
foodstuffs differentially consumed (Goody,1982; Twiss, 2008). Practices of food production and
storage, processing (Van der Veen, 2007), cooking methods (Codere, 1957; Hastorf, 2012; Twiss,
2008), consumption (Oknuki-Tierney, 1993; Smith, 2010), and discard can mirror levels of social
diversity and hierarchy since food practices occur within a “broad range of cultural, ideological,
and interpersonal” networks (Hayden, 2014a; Twiss, 2007:1; Twiss, 2012).

Food Practices Represent a Social and Cultural Identity
Commensality, literally “together at the table”3.1 , or shared consumption of food is an
integral part of social and cultural identity (Hastorf, 2012; Pollock, 2011; van der Veen, 2008).
Consuming food becomes a metonymic of the self since the food is ingested, digested, and
absorbed into the physical body (see Hayden, 2014a; Reinhart, 2011; Twiss, 2007). Sharing the
same food with others allows this metonymic trait of food to extend as a sharing of one’s self with
others at the table in a cooperative, cohesive context or a competitive, exclusive context. OnukiTierny (1993) described rice as Japan’s staple food shared by all participants at the table that
strengthened relationships thus becoming “a symbol of the collective self (identity) in Japan”
throughout its prehistory and history. Appadurai (1981) framed the “gastro-politics” of modern
and historical households in India as a socially stratified, rigid hierarchy that discouraged cohesion
and promoted separate identities for household members via food choices. Chang (1976:129)
described eating in ancient China during the late Shang (ca. 1250-1046 BC), as an “enjoyment of
life” (see also Creel, 1937), but also as “serious social business, governed by strict rules”. The use

3.1

Etymology from Medieval Latin, commensalis, com=together with, mensa=table (Oxford English Dictionary,
1989)
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of indigenous foods in feasting activities by colonized Native Americans in southern California
during the Mission period (1769-1834 AD) provided agency for maintaining tribal identity during
a period of cultural change (Redding, 2015).
The multidimensional aspect of daily consumption as well as celebratory and ritual feasting
is viewed by archaeologists as polysemic, i.e., consumption practices in communities are more
likely to reflect both “social competition and social integration simultaneously” that can define
both individual and communal identities (Dietler, 2001; Hayden, 2014a; Twiss, 2008:419). Smith
(2010: 480), stated that “food is a basic component of self and group identification, put into
practice every day”. The polysemic perspective of food consumption is supported by this
researcher. The results described in Chapter 5 and their interpretation in Chapter 6 may indicate
that the patterns of consumption at Liangchengzhen were both competitive and integrative and
possibly reflected individual as well as communal identities.

Feasting
“Prior to the appearance of feasting, human groups….were not fundamentally
different from other species in terms of resource use…” (Hayden, 2014a:19)
In the archaeological record, evidence of feasting has been the most accessible and
consistent indicator of past food practices (see Hayden, 2014a; Twiss, 2012a). Feasting has been
defined from numerous perspectives. After Dietler (1996:89), Bray (2003b:1) referred to feasts as
“communal food consumption events that differed in some way from everyday practice”. Underhill
(2002:50) viewed feasting along a continuum moving from “mildly competitive” to “elite,
exclusive”. Dietler (2001) felt that feasts could be both competitive and cooperative at the same
time, i.e., although one theme may be at the forefront, several purposes could be accomplished
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within a feasting event (see Clarke, 2001; Hayden, 2014a; Twiss, 2008). Hastorf (2003:546) felt
that “all forms of feasts were socially and culturally special”. Hayden & Villenueve (2011:434)
stated that feasting in the archaeological record is a “critical element…in understanding aspects of
our own type of social system….the emergence of inequalities and complex societies…..and the
establishment of cultural identities”. Hayden (2014a:2) believed that prior to the Industrial
Revolution, feasts were probably the most important vehicle for cultural change. Twiss (2008:418)
described feasts as “contributing…to both the negotiation and maintenance of the status
quo…..and to processes of profound social change”. For this researcher, the representation of
feasting along a continuum (Underhill, 2002:50) seems to be the most plausible situation crossculturally and within individual archaeological sites, but note that the categories may not be
mutually exclusive (see Hayden, 2014a:10) and, as in food consumption, may reflect
characteristics of more than one scenario simultaneously, but usually with one purpose being
dominant. In political economy theory (Earle, 1995, 2002), the dominant purpose for elite
aggrandizers was to control resources for “enhanced individual or group competitive advantages”
(Hayden, 2014a:18), but other purposes, i.e., social bonding, smaller scales feasts (family,
individual) for the purpose of material or economic gain, may also have occurred. The
development of social complexity is hypothesized as being stimulated by conditions of
opportunity, as opposed to scarcity or hardship, (Cowgill, 1975). Hayden (2014a:18) felt that
agriculture presented a unique opportunity for aggrandizers to increase resource production, with
feasting “being the single most important strategy of utilizing agricultural resources to obtain other
forms of wealth and power”. This researcher agrees that acquisition of control over agricultural
resources and production by elite type persons or groups may have provided unfair leverage to
these groups in the development of social complexity.
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Archaeological Studies of Feasting
In the archaeological record, cross-cultural feasting events have exhibited variable
characteristics as well as common patterns (see Twiss, 2008). According to Hayden (2014:10), the
dominant purposes of feasts can be categorized into 3 basic types: social bonding, material or
economic benefits, or the creation of status distinctions. Common material indicators of feasting
across cultures include the presence of large quantities of food discard, consumption of large or
domesticated animals, i.e., cows, pigs, consumption of socially valued foods other than meat,
consumption of alcohol, feasting in special locations, and the use of unique or significant serving
containers (Hayden, 2014a; Twiss, 2008). In this section, the common feasting characteristics
relevant to the research questions in this study concerning food types, pottery, and pits are
discussed, i.e., consumption of large quantities, domesticated or socially valued foods, spatial
separation of feasting or ritual sites, and use of food vessels.

Common cross-cultural indicators of feasting in the archaeological record
Domesticated Meat and Large Quantities of Faunal Remains
Consumption of large quantities of food or consumption of socially valued foods found as
discard are considered indicators of feasting. Although socially valued foods differ across cultures
and can change within a culture overtime (see Gumerman, 1997), meat, (e.g. large animals,
especially domesticated animals), is consistently offered as a socially valued or prestigious food
in feasting contexts (see Hayden, 2014a: 120-129; Van der Veen, 2003). According to Jeliffe
(1967:279-281) “all cultures have prestige foods which are reserved for important
occasions….these are usually protein, frequently of animal origin” (see also Abrams, 2009).
Hayden (2014:112) recently hypothesized that feasting was the “motivation for the initial
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domestication of animals” based on evidence from cross-cultural ethnographic studies and that
domestication could best be understood within the context of a “prestige display system” that
included comestibles (Hayden, 2014a:122). Alternatively, this researcher feels that domestication
may have occurred for more practical reasons, i.e., desire for food security, control over resources,
and once domestication was established, feasting became an offshoot, not the prime mover of
domestication. Both hypotheses are plausible.

Cross-cultural studies of domesticated animals and/or large quantities of meat used in feasting
contexts.
A tribal society in Southeast Asia was shown to sacrifice its domesticated animals solely
as feasting material (Hayden, 2003), a pattern found in other tribal cultures from New Guinea (see
Lemonnier, 1996) and Crete. Among complex hunter-gatherers in South Africa, the Ghana
bushman groups raised goats that were eaten specifically for ritual occasions while the Piik ap
Oom also raised domesticated animals for feasts (Hayden, 2014a:124; see also Cashdan, 1980;
Marshall and Hildebrand, 2002). The higher fat content in domesticated animals was crucial to its
desirability as a socially valued food for these tribes, a trait that can be manipulated by feeding
animals food with high fat content (see Hayden, 2014a:123; Hayden, 2003). The distribution of
domesticated animals within the tribal society was limited to a few wealthy households who used
the animals as “luxury items in ceremonial exchange” (Hayden, 2014a:120).
Communal feasting events at the Islamic site of Gao in Mali were characterized by large
quantities of local foodstuffs that required effort to prepare, including domesticated species of
cattle, sheep, and goats (MacLean & Insoll, 2003).
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At the Gambia site of Juffure (Atlantic Trade period, ca.17th – mid-19th century), animals,
i.e., pigs, goats, chickens, cattle were domesticated specifically for trade or sale to Europeans, but
were also consumed in small scale feasting events in local villages and at factory-held gatherings
(Gijanto and Walshaw, 2014). Consumption of domesticated meat was almost non-existent in
everyday settings where meat was usually limited to fish.
At the Neolithic site of Makriyalos (dates) in northern Greece, evidence of commensality
was found in a pit containing large quantities (“tens of tons”) of pig, sheep, cattle, and goats,
“implying provision and consumption of animals by a very large social group”, a setting analogous
to the “periodic, inter-communal pig and goat feasts” that occurred with “the multi-annual cycles
of herd growth in the Pakistan and New Guinea highlands” (Halstead, 2012: 30; see also Pauketat,
et al., 2002).
During the late Bronze Age (ca. 1200 B.C), Sardinian nuragic sites (characterized by
tower-fortresses called “nuraghes”) had evidence of communal feasting of domesticated meat held
in open spaces or “federal sanctuaries” that did not incorporate elements of elite feasting
(Gonzalez, 2014:152).
Communal meat consumption accompanied by sacrificial slaughter, with differential
access to quality parts restricted to socially prominent participants, set in royal ceremonial centers
was part of ritual feasting in Iron Age Ireland (McCormick, 2010). Faunal remains of pig (largest
at the archaeological site of Navan) and cattle (largest at the archaeological sites of Dun Ailinne
and Tara), with small amounts of sheep and goat were the domesticated meat sources used at the
feasts.
Depositional remains of pig in middens at Durrington Walls, a henge monument related to
Stonehenge, indicated a practice of domesticated young (<1 year) pigs being brought to the site
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for slaughter to provide meat for winter feasting events (Wright, et al., 2014). Hayden (2014:295)
interpreted feasting at this site to be for the purpose of work feasts.
Ritual feasting events at Cahokia (ca. AD 1050) occurred in a public space, the Grand
Plaza, that covered over 19 hectares (Pauketat, et al., 2002). Large quantities of wild faunal
remains found in the sub-Mound 51 borrow pit located adjacent to the Grand Plaza included swan,
prairie chickens, large fish, and deer, with deer being presented whole instead of slaughtered and
butchered. The feasting context at Cahokia, i.e., the presence of game animals, was indicative of a
“periodic calendar-based mobilization of meat” that would require “large scale provisioning”
thorough a “substantive measure of coordination suited to a ritual calendar” (Pauketat, et al., 2002:
274). Differential access to meat by elites, i.e., meaty parts and better cuts, was a common
occurrence in feasting as well as daily food consumption at Cahokia (Kelly, 2001).
Ceremonial feasting events at the Mississippian chiefdom of Moundville (A.D. 1050-1450)
also differentiated social rank using “conditioned access to meat” (Jackson & Scott, 2003:553).
Only elite residents at Moundville consumed meat that was considered socially valued, i.e., rare
species, meatier sections of deer or turkey. In addition, discard of faunal remains at elite residences
indicated a greater abundance of rare or dangerous species, i.e., bear, cougar, hawk, or falcon, and
small amounts of fish which were more abundant in non-elite areas.
At the Zuni site of Pueblo de los Muertes (ca. A.D. 1250-1350.) in New Mexico, communal
feasting in a public plaza, ca. A.D. 1275, was evidenced by the large quantity of domesticated
turkey bones found in the plaza area (Potter, 2000). The ritual feasting at Pueblo de los Muertes
included all residents and promoted community cohesion rather than a competitive manipulation
of political power. However, at the earlier Anasazi Shields Pueblo site in Colorado (ca. 1000 B.C.-
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900 A.D.), only the feathers from domesticated turkeys were used in feasting events with no
indication of turkey consumption (Rawlings and Driver, 2010; see also Hayden, 2014a:122).
In prehistoric Philippine chiefdoms, feasts were “periodic, critical points on the agricultural
calendar for ritual or ceremonial events” with “specific social goals embedded” (Junker, 2001:272,
274). Carabao, pig and chicken were socially valued sources of meat that were used in tribute and
exchange, as well as sacrifice. Access to feasting consumables and vessels was “highly correlated
with a household’s social rank” (Junker, 2001:285).
In Inca society (Hastorf, 2003), animal fat was considered a vital gift to ancestors. Meat
also was an exclusive component of elite feasting in Andean culture, with some domesticated
sources, i.e., pigs, camelids, and some wild fauna, i.e., fish, deer, duck, guinea, birds, crocodiles,
and monkeys. In Bolivia during the Inca Empire’s Late Horizon period, the remains of
domesticated camelid (Lama sp.) bones, primarily from local herds, were found in abundance from
feasting events that took place in kallankas (large rectangular structures in administrative centers)
at Pumapunku, suggesting this meat’s important role in manipulating “political integration of Inca
statecraft” during feasting activities (Knudson, et al. 2012: 479, 480).
In the city of Hazor, a large Canaanite (Palestine) city during the late Bronze Age, faunal
remains from large scale, competitive feasting events held in special locations within a
“Ceremonial Precinct” consisted of domesticated sheep, goat, and cattle with a few pigs
(Zuckerman, 2007: 195). State organized banquets using large animal sacrifice, with the meat
being distributed and consumed, were celebrated in elite palace arenas, i.e., Nestor in Mycenaean
culture during the Bronze Age (Stocker & Davis, 2004; see also Halstead, 2012). These large scale
feasting events served the purpose of promoting cohesion, but also restricted access to socially
valued foods by the select distribution of meat.
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Domesticated Grains and Plants
Grains and plants that were domesticated and cultivated held greater value in the “hierarchy
of preference” (Smith, 2010:481), especially in comparison to gathered plants and wild grains.
Grains and plants that required more labor intensive efforts would be valued over those requiring
less commitment. A common feature for plant and grain domestication worldwide was the initial
domestication by affluent foragers in large permanent settlements near bodies of water, i.e., rivers
and lakes (Crawford, 2006). Hayden (2014a:125,132 ) suggested that special foods (plants) used
in feasts would have been among the first domesticates that occurred in the context of more
complex societies, speculating that “domestication of mundane plant crops may not have been for
direct consumption in feasts but as a means for producing other valued foods for feasts, i.e., meat
(turkeys fed maize, Rawlings and Driver, 2010; pigs fed rice, Lanehart, et al., 2008, 2011) and
alcohol (fermented rice beverage, McGovern, et al., 2005a, 2005b)”. Asouti and Fuller (2013:330)
disagreed, suggesting that plants were “more broadly used as resources embedded in performances
associated with communal food consumption as opposed to the “polarized definitions of mundane
vs. prestige items” and that “competition, whether overt or covert, in feasts did not play a causal
role in the domestication process” (see also Hayden, 2014a, 2014b:133) . Nevertheless, historical
and archaeological records show that some domesticated grains and plants, more so than others,
became socially valued foods that were consumed in feasting rituals as well as being fed to animals
for fattening. This researcher feels another hypothesis may be that the domestication of mundane
plant sources did occur initially for the purpose of human consumption, probably for daily meals,
but as more socially valued plant sources became domesticated, mundane food sources were also
used as fodder for feasting comestibles.
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Rice. The socially valued status of rice, prominent mainly in Asian cultures, can be
explained from several perspectives. According to Hayden (2003), the cultivation of rice was
labor intensive with a yield far below the labor investment, making it a scarce food source. Since
cultures could rely on easier grain staples and wild grains when rice crops failed, rice was not
necessary for survival. In some cultures, i.e., since 400 BCE in Japan (Onuki-Tierny, 1993),
modern and ancient India (Smith, 2010) and modern and historic southeast Asian hill tribes
(Hayden, 2003), rice was elevated to a deity status and had symbolic power in ritual practice. Rice
was also used in making alcohol, a beverage, proposed for Liangchengzhen and ancient China in
general, widely used in feasting (see McGovern, et al., 2005a, 2005b). In some cultures, rice was
a highly desirable element of the feasting ritual, i.e., in prehistoric Philippine chiefdoms (Junker,
2001:288), rice was a “prestige food served at ceremonial feasts” In China during the historic
Shang dynasty, it appears rice was served at royal banquets (Chang, 1977; Underhill, 2002) while
in India, since the 10th century B.C., rice was considered a “food with particular ritual, medicinal,
and social significance” with “heaps of cooked rice” available at royal feasting/ritual events”
(Smith, 2010:482).3.2 Rice could also be used in trade to negotiate deals, as tributes, or as gifts to
create obligation since it was a highly valued item (see Junker, 2001; Underhill and Fang, 2004)
The detection of rice in the archaeological record in regards to feasting is not as obvious as
the detection of faunal remains, however, macrobotanical remains, charred grains and grain
impressions on clay vessels, for example, have been identified (see Smith, 2010). Initially, the
socially valued status of rice in feasting contexts for China was inferred primarily through
historical accounts (see Chang, 1977; Dietler & Hayden, 2001; Underhill, 2002). More recently,

In India, rice was also considered “a routine component of basic domestic and ritual activity…accessible to all”
(Smith, 2010: 482).
3.2
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the expanded use of flotation methods during excavations in China to capture macrobotanical
remains have provided additional data on the contexts of rice consumption (see Crawford, et al.
2004, 2005; Smith, 2010).
Maize. In the Maya and Andean cultures a socially valued food in feasting contexts (and
everyday diet) was the cultivated plant zea mays, or maize (see Staller, 2010; White, et al., 2006).
In a Mayan origin myth from the Popol Vuh, human flesh was perceived as being derived from
maize (Christenson, 2010) and many deities were maize identified. Mayan feasting events usually
occurred in public plazas for purposes of labor mobilization as well as political competition and
negotiation (see Dahlin, et al., 2010; Wells, 2004). Maize was also used to make chicha, a
fermented drink used in feasting ceremonies and rituals (see Chicoine, 2011; Ikehara, et al., 2013).
In Andean cultures, chicha made from the grain zea mays was the most socially valued beverage
(see Bray, 2009; Hastorf, 2003), and was consumed primarily by elites in a prestige vessel, the
aribala, which was a communal vessel for drinking chicha de maiz in the “negotiation of political
authority and territorial expansion” (Bray, 2009:108; see Gibaja, 2004 for lipid residue analysis of
the aribala).
Cacao. Chocolatl beverages made from the cultivated cacao plant (Theobroma, spp.) were
consumed in public feasting events in Mayan cultures (see Green, 2010; Joyce & Henderson,
2010). The cacao bean was considered sacred, but was also used as money in ancient Mayan
society to broker social negotiations, i.e., marriage (see LeCount, 2001).

Mayan vessels

specifically used for rituals involving the mixing and pouring of chocolate beverages indicate the
socially valued status of cacao (Joyce & Henderson, 2007; LeCount, 2001). Residues of cacao
have been detected in ritual or elite Mayan vessels from Puerto Escondido in Honduras
(Henderson, et al., 2007) and Colha in Belize (Hurst, et al., 2002).
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Yams. Yams and taro were consumed in “massive quantities” during communal feasts in
Melanesia (Spielmann, 2002:195) Cultivation of the yams for feasting required an intensive labor
mobilization and increase in production (see Rappaport, 1984). In the Trobriand Islands (Weiner,
1976, 1978), yams were regarded as a wealth object that were used in exchange transactions, a
cultural ritual reproduced down through generations.

Spatial Separation
Spatial separation of feasting sites from everyday consumption activities is also used to
identify feasting in the archaeological record. From the previous discussion on meat and grains, it
is suggested that feasting activities took place in special locations across all cultures, whether they
were temples and structures (Knudson, et al., 2012; McCormick, 2010; Stocker & Davis, 2004;
Zuckerman, 2007), open plazas (Dahlin, et al., 2010; Jackson & Scott, 2003; Pauketat, et al., 2002;
Potter, 2000; Wells, 2004), mounds, or pits used for feasting discard (Halstead, 2008). Special
meals or feasting require a coming together at the same table or space outside of usual boundaries,
in other words, commensality, occurring in “special halls, patios, or other gathering places”
(Chicoine, 2011:439).

Vessels used in Feasting Ceremonies
The use of specific types of vessels set aside for feasting events is a common practice across
cultures (see Bray, 2003; Rice, 1987). Special materials, i.e., fine fabric, bronze, porcelain (see
Chang, 1977; Junker, 2001; Underhill, 2002), symbolic iconography (Chicoine, 2011; Hastorf,
2003), structural form (Bray, 2009; Hurst, et al., 2002; Joyce & Henderson, 2007; LeCount, 2001;
Underhill, 2002; Zuckerman, 2007) are methods various cultures have used to create the special
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function of feasting vessels. In addition, diversity or quantity of vessels can be used to designate
special events (Underhill, 2002).
In most cultures, socially valued food vessels for ritual feasts and ceremonies were
differentially accessed by elites as a strategy to obtain, maintain, or increase power (see Underhill,
2002). Vessels used in rituals represented symbols of power and sacredness that bestowed their
qualities on the users of the vessels.

Categories of Feasting and Social Complexity in reviewed literature
The types of feasting and the corresponding levels of social complexity described in the
literature varied cross-culturally (see Hayden, 2014a for a comprehensive review). In general, it
appears that the socially valued status of meat was determined by the types of domesticated
animals or wild fauna available at the site (see Gokee and Logan, 2014), with elite members
differentially consuming a higher quality or larger quantity of meat or restricting access altogether
to socially valued meat. Patterns of grain and plant consumption in feasting contexts are less
obvious, but it can be noted that domesticated grains and plants involving labor-intensive efforts
were associated with special feasting events.
Levels of feasting were associated with corresponding levels of socio-political complexity
along a continuum (see Table 3.1). Small scale, integrative feasting events at sites with tribal,
egalitarian, or village level sociopolitical structures occurred in the Goa in Mali (MacLean &
Insoll, 2003), the Neolithic site of Makriyalos in northern Greece (Halstead, 2008), and Pueblo de
los Muertes ((Potter, 2000). Feasting at the North American chiefdom of Cahokia (Pauketat, et
al., 2002), Iron Age Ireland (McCormick, 2010), and the late Neolithic site of Durrington Walls
(Wright, et al., 2014) could possibly be classified as both integrative and competitive.
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Table 3.1. Cross cultural feasting and social complexity

Site(s)

Time Period

Dominant
Feasting Type

Gao, Mali, Africa

ca. A.D.14001500

Small scale,
integrative

Juffure, Gambia,
Africa
Makriyalos,
Greece

ca. A.D. 16001850
ca. 5400-4500
B.C., Late
Neolithic
ca. 1250 B.C...
Late Bronze Age

Small scale,
integrative
Small scale,
integrative

ca. A.D. 12501350

Small scale,
integrative

ca. AD 1050

Competitive,
integrative
Competitive,
integrative

Public Plaza

Competitive,
integrative

Royal
Ceremonial
centers (hilltop)
Public Plaza

Sardinia (Nuragic
sites)
Pueblos de los
Muertes, New
Mexico
Cahokia
Durington Walls,
Britain

ca. 2515-2470
B.C., Late
Neolithic
Ireland (Navan,
ca. 800 B.C.Dun Ailinne,Tara ) A.D. 100, Iron
Age
Moundville,
ca. A.D. 1050Mississippi
1450
Philippines
ca. A.D. 14001500, PreHispanic
Contact
Myceneae, Greece ca. 1400-1300
B.C., Late
Bronze Age
Xunantunich,
ca. A.D. 670Belize (Maya)
780
Hazor, Palestine

Pumapunku,
Bolivia (Inca)

ca. 1400-1300
B.C., Late
Bronze Age
ca. A.D. 14001532, Late
Horizon

Small scale,
integrative

Competitive

Spatial
Location
Communal;
Suprahousehold
Special deposits
(middens)
Pit

Federal
sanctuaries
(open spaces)
Public Plaza

Henge
monument

SocioPolitical
Structure
Town
capital
Village
Egalitarian

Egalitarian

Large
community;
village
Chiefdomlike
Chiefdomlike
Chiefdomlike
Chiefdomlike
Chiefdom

Competitive

Elite habitation
areas

Elite Exclusive,
Competitive,
Integrative
Elite Exclusive,
Competitive,
Integrative
Elite Exclusive,
Competitive

Elite palace
arenas

State -like

Public Plaza

State-like

Ceremonial
Precinct

State-like l
(city-state)

Elite Exclusive,
Competitive

Kallankas

State-like
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Competitive feasting sites include the Philippine chiefdoms (Junker, et al., 2001) and,
Moundville (Jackson & Scott, 2003), with elite exclusive type feasting occurring at Bronze Age
Mycenae (Stocker & Davis, 2004), the Bronze Age Hazor site in Palestine (Zuckerman, 2007), the
Late Mayan site of Xunantunich in Belize (LeCount, 2001), and during the Late Horizon period
of the Inca culture in Bolivia (Hastorf, 2003. The socio-political structure at these sites reflect a
developing complexity in concert with the level of feasting competiveness.

The Culture of Food in China
“Chinese people are especially preoccupied with food and that food is at the
center of, or at least it accompanies or symbolizes, many social interactions”
K. C. Chang (1977:15)
Ancient China is an area long associated with the social importance of food consumption
(Chang, 1977; Underhill, 2002). The importance of the role of food and food vessels in China in
the development of social complexity, ritual activities, and political power was documented in
writing as early as the Shang Dynasty, but probably began in the Neolithic (Underhill, 2002).
Oracle bone inscriptions from the Late Shang period (ca. 1300-1046 B.C.) suggest that
prestigious foodstuffs (apparently meat, fermented beverages) and bronze containers were widely
used in China to negotiate social and political relations with the living and the dead, and as
exclusionary tools. Underhill (2002) proposes there is a long history of this process with food and
food vessels in China that began during the later Neolithic period. Variation in the nature of feasts
probably ranged from small-scale feasting, i.e., low degree of social inequality and wide access to
food surplus, to large-scale, competitive feasting, i.e., competition for economic power, social
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mobility, and a minority of hosting lineage households where food was used as a wealth item
(Underhill, 2002).
In Chinese culture, food is used as a medium for communication or “social language”
(Chang, 1977:16), a general process described by Douglas (1982). Gifts of valued food likely were
used as a social investment to expand social networks with the living (Underhill, 2002). Rituals
involving food also may have been an important means by which elites maintained their power, as
mentioned in Chapter 1. More important than spatial control by rulers in more than one period of
China’s history were the “ritual enactments” such as feasting that maintained the “internal
hierarchy within kin groups” (von Faulkenhausen, 2008:228). Food was used as a tool to withhold
or bestow bounty, favor, or status. The origin of these beliefs and practices about the
social/political relationship of food and vessels with ancestors and negotiation probably began in
the late Neolithic Longshan when competition over food and prestigious containers provided a
catalyst for socioeconomic change (Underhill, 2002).
Another dimension of food consumption with respect to ancient China is changing access
to preferred foods over time. According to Curet & Pestle (2010), the meaning of food can change
based on context and the same food can have multiple meanings depending on numerous factors
(see also Hastorf, 2003; Underhill, 2002:71). It is likely that a wide range of households at
Liangchengzhen would have valued certain foods for ritual activities and feasting in general.
According to Twiss (2012a:364), feasts were “closely related” to quotidian food practices in “form
as well as meaning”, but were also “consciously distinguished” from everyday meals. While it is
often assumed that rice became the preferred grain in comparison to millet in the Haidai region
during the Neolithic, there has been no systematic study of ceramic residues to document changing
patterns of grain consumption in relation to developing social hierarchies or the changing access
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to socially valued foods. However, recent studies (see Luan, 2013; Yu, 2013) provided isotopic
evidence that rice had become more prevalent at some late Dawenkou (ca. dates) sites and was
differentially consumed by some individuals within sites.

Investigating Food Consumption at Liangchengzhen
There was marked regional variation in farming in northern China during the late Neolithic
period and early Bronze Age, including southeastern Shandong (Lee, et al., 2007). At
Liangchengzhen, macrobotanical remains, including rice, millet, and other plants were recovered
by flotation. Rice (Oryza sativa) was the most common cultigen based on the density, number, and
weight of seeds recovered (Crawford, et al., 2004, 2005). Millet (Setaria italica) occurred at a
lower density than rice with foxtail millet accounting for 94% of the millets at Liangchengzhen.
However, determining the greater importance of rice vs. millet simply on the basis of seeds
recovered at Liangchengzhen presents challenges, i.e., limited sampling area, and is why additional
sources of evidence for consumption are needed. Edible gathered plants recovered from
Liangchengzhen included Chenopodium, sp., Brassicae, sp., and Portulaca sp., among others
(Crawford, in press; Crawford, et al., 2004, 2005; Jin, 2009). The phytolith remains provided a
similar picture of plant use (see Jin, 2004). Faunal remains unfortunately were poorly preserved,
but the remains reveal a heavy reliance on pigs (see Bekken, in press; Lanehart, et al., 2008; 2011),
as well as some deer and cattle (Zhong Mei Kaogu Dui (Chinese-American Archaeology Team),
in press).
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Origin of Food Sources found at Liangchengzhen
The Power of the Pig
Pigs were one of the first animals to be domesticated in north China, as early as ca.6000
B.C. at the site of Cishan, Wu’an County, Hebei province (Yuan & Flad, 2002). More recently,
evidence of pig domestication was found at the site of Jiahu (ca. 6600 B.C.) in Henan province,
“re-establishing the Yellow River region as one of the earliest centers of independent pig
domestication” (Cucchi, et al., 2011:20). In the Haidai region, domesticated pig remains were
found at the Houli (ca. 6500-5500 B.C.) culture sites of Xiha and Xiaojingshan (see also Hu, et
al., 2008), at six Beixin (ca. 5000-4100 B.C.) culture sites, at 19 Dawenkou (ca. 4100-2600 B. C.)
culture sites, and at 20 Longshan (ca. 2600-1900 B. C.) culture sites (Jin, 2009:121-122).
Faunal remains of pigs at the Longshan period site of Liangchengzhen were abundant in
pits and middens from early to late phases (Bekken, in press). The distribution of pig remains
indicated that pig was an important food source for residents at Liangchengzhen, both for daily
subsistence and feasting ritual. Evidence of pig meat used in feasting or ritual ceremonies at
Liangchengzhen was suggested by stable isotope values of a pig tooth from a hypothesized ritual
pit (H31) that were similar to human isotope values, possibly indicating a special diet for ritual
purposes (see Lanehart, et al., 2011).
During the Neolithic in north China, tribute offerings of food, especially pig, to ancestors
in mortuary ritual indicated a valued perception of the pig (Liu, 1996; Nelson, 2003). Kim, et al.,
(1994:119) described how most of the “terrestrial animals involved in Neolithic funerary practices
were pigs”. Evidence for the elevated status of pig meat for ritual and feasting events in north
China, as well as the “social differentiation of pigs in the Dawenkou culture with wealth and
inequality” (see Kim, et al., 1994:121; Luan, 2013) is also derived from written ethnographic or
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oracle bone inscriptions about the Shang, Zhou, and Han dynasties (see Chang, 1977; Legge, 1967;
Underhill, 2002:72). Extrapolation of the high status of pig meat from the written accounts of the
Bronze Age to the Neolithic Longshan is supported by Chang’s (1977) and Underhill’s (2002)
premise that a continuity of practices surrounding food and social complexity extended from the
Neolithic to later periods, i.e., a feasting and ritual continuity of cultural tradition from the
Neolithic to the Bronze Age based on the “stylistic continuity of food vessels 3.3 (ritual
paraphernalia) found in burials from the Neolithic to the Bronze Age” (Liu & Chen, 2006; 166;
see also Fung, 2000; Underhill, 2002).

Fish
Natural resources exploited in the Haidai region during the Neolithic included both
freshwater and saltwater species (see Jin, 2009:122-124). During the Houli culture period (65005500 B.C.), remains of shellfish (clams, snails), freshwater fish (carp, catfish), and reptiles (turtle)
were found at various sites (see Table 3.1). Remains found at the Beixin (5000-4100 B.C.) culture
sites were similar, i.e., carp, catfish, turtle, clams, snail, but also more exotic species, i.e., alligator,
Chinese box turtle were present. At the Dawenkou (4100-2600 B. C.) coastal site of Baishicun,
numerous species of shellfish and saltwater fish were found. The shell species included snail,
veined rapa whelk, ark shell, Pacific oyster, freshwater mussel, Asiatic hard clam, and Japanese
dossinia. Saltwater fish included sea bream (black and red), Japanese sea bass, and pufferfish.
Another Dawenkou site, Wucun (inland), had freshwater, saltwater and bivalve molluscs, Chinese
alligator, soft-shelled turtles, carp (Amur, black, grass), and catfish (regular, longsnout). Longshan

3.3

And by extension, the food within the food vessels.
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(2600-1900 B.C.) sites included remains of molluscs, mud snails, veined rapa whelk, turtle, softshelled turtle, alligator (inland Yinjiacheng), carp (black, grass), Asiatic hard clam, ark shell, crab
(inland Lujiakou), Chinese herring, red-eyed mullet, black sea bream, spotted mackerel, and
Andrea cuttlefish (coastal Sanlihe).
Very few remains of fish, shellfish, or reptiles were found at Liangchengzhen perhaps due
to the poor soil conditions for preservation (see Lanehart, et al., 2011:2174). However, evidence
of fish residues on the surface of two guan jars indicate that these resources were probably
consumed (Lanehart, et al., 2011). The location of Liangchengzhen 600 meters west of the Bei
Xiao He river, as well as its proximity (6-8 kilometers) to the coast of the Yellow Sea, suggests
that fish and marine species would have been a readily available source of subsistence for
Liangchengzhen residents.

Rice
The earliest evidence of cultivated rice (Oryza sativa) in the Haidai region was found at
Yuezhuang (Houli culture) in Shandong province with a radiocarbon date between ca.6060-5750
B.C. at 2 sigma (Crawford, et al., 2006). Carbonized cultivated rice grains were also found at the
early Neolithic site of Jiahu (ca. 6600 B.C.) in Henan province (Hu, et al., 2006).
Jin (2009:125) stated that grain cultivation at archaeological sites in the Haidai region was
documented through remains of “carbonized seeds, phytoliths, seed husks, imprints of seeds, and
traces of paddy fields”. Although rice cultivation had occurred by the Houli culture, the presence
of rice during the Beixin period appeared minimally with imprints of rice found at Erjiancun
(Beixin)., Rice became more prevalent during the Dawenkou period at some sites and differential
consumption of rice by individuals occurred within sites (see Luan, 2013; Yu, 2013).
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Table 3.2. Natural resource remains found in Neolithic cultures in the Haidai Region
Food
Source

Neolithic Cultures
Houli (65005500 B.C.)

Shell, sp.

Clams, snails

Freshwater Black carp,
Fish
grass carp,
catfish, yellow
catfish

Beixin (55004100 B. C.)

Dawenkou (41002600 B. C.)

Longshan (26001900 B. C.)

Clams, snails

Snails, veined rapa
whelk, ark shell,
Pacific oysters,
freshwater mussels,
Asiatic hardclams,
Japanese dossinia,
saltwater &
freshwater
molluscs, bivalve
molluscs

Molluscs, mud
snails, Asiatic hard
clam, ark shell,
crab, veined rapa
whelk

Carp, catfish

Amur carp, black
carp, grass carp,
catfish, longsnout
catfish

Black carp, grass
carp, Chinese
herring

Black sea bream,
red sea bream,
Japanese sea bass,
pufferfish

Red-eyed mullet,
black sea bream,
spotted mackerel,
Andrea cuttlefish

Chinese alligator,
soft-shelled turtles

Turtle, soft-shelled
turtle, alligator

Marine
Fish

Reptiles

Soft-shelled
turtles

Turtle, Chinese
box turtle,
alligator

By the Longshan period, the number of sites with rice remains had increased and the
distribution of the sites across the Haidai region had expanded. Remains of rice phytoliths from
various Longshan sites support that rice was grown at the site (Jin, 2009; see also Jin, et al., 2004).
Evidence of an ancient rice field was found at the site of Lianyungang in northern Jiangsu (Jin,
2009; see also Jin, 2007). As mentioned previously, carbonized rice grains were found at
Liangchengzhen at a higher density than other grains. Crawford, et al., (2004, 2005) reported that
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rice grains were located throughout Excavation Area One in pits (n=372), cultural levels (n-26),
burials (n=4), and postholes (n=1). Trench areas outside of Excavation Area One, i.e., T022,
representing what the research team believed were more than one moat surrounding habitation
areas that may have been used during some phases for trash (see Crawford, et al., 2005:311),
yielded 55 carbonized rice grains. Sampled areas of Excavation Area One that contained no rice
grains were houses (possibly indicating grains were not processed in houses), the inside of pots
(possibly indicating that grains were not stored or cooked in the pots sampled), and activity
surfaces (possibly indicating that these surfaces did not include the activity of processing grains).
The use of rice in feasting and ritual ceremonies at Liangchengzhen has been supported by
the presence of rice residues from a mixed fermented beverage found in “fine and coarse ware
cups, gui tripods, hu and lei jars” excavated from a pit (H31) interpreted as used for ritual events
(see McGovern, et al, 2005b:265). However, rice residues from mixed fermented beverages were
also found in non-ritual contexts, i.e., medium sized burials and storage trash pits (see McGovern,
et al, 2005a, 2005b). Rice was the only grain recovered at Liangchengzhen that appeared in burial
contexts, a practice usually associated with socially valued foods (see Crawford, et al., 2004, 2005;
Liu, 1996; Smith, 2010; Underhill, 2002).However, within the burial context at Liangchengzhen,
the presence of rice was interpreted as fill rather than ancestral tribute. Ethnographic accounts from
the Bronze Age forward support rice as a socially valued food used in feasting and ritual (see
Chang, 1977; Legge, 1967; Underhill, 2002). Again, the continuity of culture (see Liu & Chen,
2006:165) extending from the Neolithic to the Shang Dynasty through the Han Dynasty is
hypothesized to include rice as a socially valued food in the Longshan.
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Millet
“Broomcorn millet (Panicum millaceum) and foxtail millet (Setaria italica) were the two
most significant grains in the early history of northern China” (Crawford, 2000:80). According to
Chang (1977:26), “the Setaria and Panicum millets provided the starch staples of the ancient
Chinese”. The earliest remains of domesticated millet (Panicum millaceum) were found at the site
of Xinglonggou in Chifeng, Inner Mongolia whose radiocarbon dates ranged from 6250 to 5550
B.C (Liu and Chen, 2012:83).
In the Haidai region, cultivation of millet began approximately 5950 B.C. (7900 years ago)
during the Houli culture at Yuezhuang (see Crawford, et al., 2006; Jin, 2009), however, stable
isotope analysis of faunal remains at Yuezhuang indicated that millet (40 broomcorn seeds and 1
foxtail seed recovered at Yuezhuang) comprised only ~25% of the diet and did not become a major
dietary staple in north China for another 1000 years (Hu, et al., 2008; see also Cohen, 2011).
During the subsequent Beixin culture, carbonized millet remains were only found at 2 sites
but were more abundant at Dawenkou sites (Jin, 2009). By the Longshan period, foxtail millet and
broomcorn millet were located “in the Jiaodong Peninsula, the plains of northwestern Shandong,
southern Shandong, and the hills of the southeastern Shandong mainland” (Jin, 2009: 126). The
distribution of millet farming, like rice, expanded during the Longshan period in the Haidai region.
At Liangchengzhen, “charred seed assemblages” of millets were found in “significant
quantities” with foxtail millet (S. italica) providing ~94% of the seed remains followed by millet
tribe seed (morphologically similar to foxtail millet but smaller), and broomcorn millet (P.
millaceum) (Crawford, et al., 2005:311). Foxtail millet was found primarily in the trench area
T022 (n=194) outside of Excavation Area One. Foxtail millet was also found in postholes (n-75),
pits (n=75), cultural levels (n=39), houses (n=2), the inside of pots (n-2) and activity surfaces
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(n=1), but not in burials. Small foxtail millets occurred in pits (n=60), trench area G022 (n=32),
cultural levels (n=14), the inside of pots (n=1), and activity surfaces (n=1), but not in burials or
houses. Broomcorn millet was found in pits (n=11), the inside of pots (n=3), on activity surfaces
(n=1) and in the trench area T022 (n=1) but not in burials, houses, cultural levels, or postholes.
A very small number of bread wheat grain (Triticum aestivum) was recovered in postholes (n=1),
a pit (n=1) and inside a pot (n=1).

Plants
“If we take into account the enormous number of wild plants, besides the cultivated ones
used for food in China, we may better understand how hundreds of millions of people
managed to exist on its soil”.
Vavilov (1949: 24) in K. C. Chang, (1976:121)
The adaptability and sustainability of Chinese foodways can be attributed, in part, to the
“amazing knowledge the Chinese have acquired about their edible wild plant resources”3.4 (Chang,
1977:9). However, archaeobotanical data of plant remains in the Haidai region currently exists
primarily from the Dawenkou (Yu, 2013) and Longshan cultures (Jin, 2009). In the Longhsan, two
categories of edible gathered plants were found including amaranth, plants of the bean family,
goosefoot, cabbage, purslane, and wild grape (Category 1). The second category contains possible
edible plants of the chrysanthemum family, smartweed, goosegrass, eggplant/nightshade plants,
plum, and the spurge family (Jin, 2009: 120). Other categories of wild plants were gathered for
fuel and construction purposes.

3.4

The encyclopedia Pen ta’so kang ma (Li, 1965) lists thousands of wild edible plants found in China.
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Seeds from a variety of non-cultigen plant species were recovered by flotation at
Liangchengzhen (Crawford, et al., 2004, 2005). Bean (Fabaccae) plants included adzuki and
soybeans. Other edible gathered plants were Amaranthus, sp., the aster family, chenopod,
knotweed, the mustard family (e.g. Brassicae, sp. cabbage), and purslane. Fleshy fruits were
hackberry, cherry, and the nightshade family (see Crawford, et al, 2005:312). The most abundant
edible plants recovered at Liangchengzhen were the Brassicae, sp. (n=42) distributed in pits,
postholes, and cultural levels, and the Amaranthus, sp. (n=42) found primarily in houses.

Pottery Vessels
The Longshan culture in the Haidai region is perhaps most famous for the production of
thin eggshell pottery (polished black pottery) which included the long-stemmed cups found at
Liangchengzhen (Luan, 2009a:60; McGovern, et al., 2005a, 2005b; Underhill, 2002:168-171).
Significant innovations affecting pottery production during the Longshan were the further
development of the potter’s wheel and new firing techniques with higher temperatures (Luan,
2013; Luan, 2009a). An abundance of pottery forms and styles (see Underhill, 2002:291-297;
Luan, 2009a:62-63, 74-76 for broad categories) existed in Longshan pottery, more than 20 major
categories that were further divided into subtypes. Categories of clay used for making pottery
included “clay mixed with coarse sand, clay mixed with fine sand, normal cleaned clay, and fine
cleaned clay” (Luan, 2009a: 60). Fine cleaned clay was used primarily to produce the fine eggshell
pottery types, “high quality vessels for ritual use” (Luan, 2009a:60).
General forms of pottery at Liangchengzhen included ding, guan, yan, gui, pen, bei, hu,
and lei made from coarse and fine fabric. Bei long stemmed eggshell pottery cups were also found
at Liangchengzhen in H31, hypothesized ritual pit (see McGovern, et al., 2005a, 2005b). In
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general, fine fabric pottery was hypothesized for use in serving food while coarse fabric pottery
was used for cooking food (see Underhill, 2002: 168-171). With the exception of bei longstemmed eggshell cups, no published data exist on the types of pottery vessels used in possible
ritual contexts at Liangchengzhen. However, gaobingbei have also been found in burials (Zhong
Mei Kaogu Dui, in press; Underhill and Wang Fen, in press). In general, it is hypothesized that
fine fabric and vessel diversity or quantity differentiated socially valued items from the mundane.

Spatial Separation
Building structures in Excavation Area One at Liangchengzhen consisted of small houses
inhabited by independent households located in a “middle class” neighborhood (Luan, 2009a:74;
Wang, 2009:103; see also Crawford, et al., 2005; Luan, et al., 2004). There was no monumental
architecture at Liangchengzhen, and the extensive moats that existed around the settlement were
thought to be used for trash discard, as mentioned earlier (Underhill, et al., 2008). At
Liangchengzhen, it is probable that pits were one of the primary spatial contexts that differentiated
ritual and daily activities based on the pottery and faunal remains. Ritual activities in these pits
may have encompassed feasting as well as offerings to ancestors.

Hypothesized Ritual Activities and Social Complexity at Liangchengzhen
From the early to middle Longshan (early and late phase, respectively, in this thesis), the
socio-political structure of Liangchengzhen was possibly a state-level complexity (4-tiered
hierarchy). As mentioned previously in Chapter 2, specialized pottery vessels (long stemmed bei
cups) and late phase pits with abundant evidence of either feasting discard or ancestral tribute were
present at the site. Based on cross cultural studies in other geographical areas (see Table 3.1),
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Liangchengzhen fits more closely with the state level polities that practiced competitive to elite
exclusive feasting activities within the framework of particular spatial parameters, i.e., pits at
Liangchengzhen. It is also possible that the activities in ritual pits reflected ancestral tribute, where
the offerings of pots of food were never eaten by ceremonial participants.
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CHAPTER FOUR
METHODS

Data collected from the Liangchengzhen excavation contain a comprehensive array of
botanical, faunal, and ceramic information as well as detailed maps of spatial and temporal
relationships of over 400 pits to other features from Excavation Area One (Luan, 2009; Zhong Mei
Kaogu Dui (Chinese-American Archaeology Team), in press). For this research, a total of 20 pits
from the early and late phases were identified and sampled (Table 4.1). Work in progress by the
research team suggests that offering pits for feasting at Liangchengzhen differed from other kinds
of pits with respect to shape and size in addition to contents, containing rapidly deposited complete
or mostly complete vessels and objects. Pit types were selected based on this extant knowledge
but it is realized that more data are needed to resolve the classification of pits at Liangchengzhen
(see also Chapter 1).
Sherds were collected from the base, body, and rim of pots on-site at Shandong University,
Jinan, China and at the Rizhao Museum, Rizhao, China. As much as possible, sherd samples were
selected from areas of the pot where the most lipids would be absorbed (Table 4.2) based upon the
known or hypothesized function of the pottery (see Underhill, 2002 for discussion of Neolithic
vessel function; see also Chapter 1). The optimal location for sampling the sherd type is the first
area listed in Table 4.2, i.e., for the ding tripod the optimal area for sampling would be the rim.
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Table 4.1. Early and late phase pits sampled in this study
Phase
Early (n=8)

Late (n=12)

Storage/Trash

H298
H422
H385
H410

H230
H238
H254
H199
H205
H223
H253

Ritual

H280
H401
H363
H386

H122
H31
H64
H89
H111

Table 4.2. Sampling location for pottery sherds
Pottery Form

Hypothesized Pottery Use

Sampling Location

Ding tripod

Cooking (coarse paste)
Serving (fine paste)
Cooking
Storage
Steaming

Rim, body, base
Base, Body
Rim, body, base
Base, body
Rim, body

Guan jar
Yan steamer

Pottery sherds selected from pits categorized into Early Phase storage, Early Phase Ritual,
Late Phase Storage, and Late Phase Ritual included two pottery types hypothesized for cooking
meat, coarse ding tripods and coarse guan jars, and one pottery type hypothesized for the cooking
of grains and vegetables, yan steamers (see Appendix I).
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The spatial location of hypothesized ritual and storage trash pits from the early and late
phases within the main excavation site are shown in Figs. 4.1-4.2.

Figure 4.1. Early phase pits relevant to this study and hypothesized function
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Figure 4.2 Late phase pits relevant to this study and hypothesized function
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Samples
The analysis sample set consisted of 19 reference samples (Table 4.3) and 74 pottery sherds
(Table 4.4 and Table 4.5; see also Appendix II). The stratigraphic phases 1-8 were collapsed into
early (1-4) and late phase (5-8) categories for this study. All pottery sherds sampled were coarse
paste. The reference samples were divided into terrestrial (animal, grains, and plants) and marine
sources. The modern terrestrial animal source came from pig bone, both raw and cooked, from the
Rizhao area in Shandong Province, China. An archaeological sample of pig bone excavated from
Liangchengzhen was also included as a reference. Modern terrestrial grains of millet and rice were
obtained from markets in the Rizhao area, as were plant sources of dried purslane and
chenopodium leaves. A sample of fresh chenopodium (leaves and stalks) was collected from fields
near Shandong University, Jinan, Shandong Province, China. Modern marine sources from Rizhao
included freshwater, brackish, and saltwater fish as well as a saltwater crustacean. 4.1

Lipid Residue Analysis
Sample Preparation
An approximate 10 gram sample of pottery sherd was weighed, bushed-cleaned and ground
to a powdered form by placing the clean sherd piece(s) in aluminum foil and hammering the sherd
(Valdambrini, 2007). Samples of drilled powder were weighed, but were not cleaned. All
laboratory glassware was fired for 4 hours @ 450° C then solvent-rinsed before use.

4.1

Tom Jackson (NOAA Fisheries, Miami, FL) provided identification of fish species and sources (see Lanehart, et
al., 2011).
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Table 4.3. Reference samples
Source
Terrestrial
Grains and Plants

Food Type
Millet
Rice
Wild Chenopodium
Fresh Chenopodium
Fresh Chenopodium
Wild Purslane
Meat
Pig Bone
Cooked Pig Bone
Cooked Pig Bone
Raw Pig Bone
Platycephalidae
Marine
Saltwater (SW)
Congridae
Stomatopoda Crustacean
Bramidae (pomphret)
Unknown
Unknown
Brackish Water (BW) Triglidae (sea robins)
Cynoglossidae (tonguefish)
Freshwater (FW)
Cichlidae

Phase
Modern
Modern
Modern
Modern
Modern
Modern
Archaeo
Modern
Modern
Modern
Modern
Modern
Modern
Modern
Modern
Modern
Modern
Modern
Modern

Area
Shandong
Shandong
Jinan
Jinan
Jinan
Jinan
Liang
Rizhao
Rizhao
Rizhao
Rizhao
Rizhao
Rizhao
Rizhao
Rizhao
Rizhao
Rizhao
Rizhao
Rizhao

Sample Type
Processed Grain
Processed Grain
Dried Leaves
Stalks, Leaves
Leaves only
Dried Leaves
Crushed
Crushed
Drilled
Drilled
Flesh
Flesh
Flesh
Flesh
Flesh
Flesh
Flesh
Flesh
Flesh

Extraction
Accelerated Solvent Extraction (ASE). Accelerated solvent extraction with a Dionex ASE
200 was used to extract the total lipid extract (TLE) of the powdered sherd. ASE is a process for
total lipid extraction of solid and semi-solid samples using high temperature and pressure (Richter,
et al., 1996). The Dionex ASE 200 can extract up to 24 samples (23 pottery samples + 1 blank
sample) per extraction.
The powdered sherd was added to a 22 ml solvent-rinsed metal extraction cell with a
cellulose filter in place at the bottom. One ml of the internal standard, 5α-androstane was added to
each powdered sherd sample before extraction for quantification purposes and the empty volume
was filled with laboratory sand.
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Table 4.4. Early phase pottery samples
Pit Type
Storage/Trash
n=20

Ritual
n=20

Sherd Type
Yan
Guan
Yan
Yan
Guan
Ding
Guan
Yan
Ding
Guan
Guan
Ding
Ding
Guan
Ding
Guan
Guan
Ding
Guan
Ding

Sampling Location
Body
Body
Body
Body
Rim
Rim
Base
Body
Rim
Rim
Rim
Base
Base
Base
Base
Rim
Base
Base
Body
Body

Phase
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2

Pit
H298
H298
H298
H298
H298
H298
H298
H298
H422
H422
H422
H422
H422
H385
H385
H385
H385
H410
H410
H410

Ding
Yan
Ding
Guan
Guan
Yan
Ding
Ding
Guan
Ding
Guan
Ding
Guan
Yan
Guan
Ding
Ding
Guan
Guan
Ding

Rim
Body
Rim
Rim
Rim
Body
Rim
Rim
Rim
Base
Body
Base
Base
Body
Rim
Rim
Rim
Rim
Rim
Rim

1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
4
4

H280
H280
H280
H280
H280
H280
H280
H401
H401
H401
H401
H401
H401
H401
H401
H401
H401
H401
H363
H386
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Table 4.5. Late phase pottery samples
Pit Type
Storage/Trash
n=14

Ritual
n=20

Sherd Type
Yan
Yan
Ding
Ding
Ding
Ding
Ding
Ding
Guan
Ding
Ding
Guan
Guan
Ding

Sampling Location
Body
Body
Rim
Base
Base
Rim
Rim
Rim
Rim
Rim
Rim
Rim
Rim
Body

Phase
7
7
7
7
7
7
7
7
8
8
8
8
8
8

Pit
H199
H199
H223
H223
H223
H223
H230
H238
H254
H254
H205
H205
H205
H253

Yan
Yan
Ding
Guan
Ding
Guan
Guan
Ding
Ding
Ding
Yan
Yan
Yan
Yan
Ding
Ding
Ding
Ding
Guan
Yan

Body
Body
Rim
Rim
Rim
Rim
Rim
Rim
Rim
Rim
Base
Base
Base
Body
Rim
Rim
Rim
Rim
Rim
Body

6
6
6
7
7
7
7
8
8
8
8
8
8
8
8
8
8
8
8
8

H111
H111
H111
H122
H122
H122
H122
H31
H31
H31
H31
H31
H31
H31
H31
H31
H31
H64
H89
H89
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Blank samples contained only 1 ml of the internal standard and laboratory sand. A solvent
ratio of 2:1 HPLC grade dichloromethane, CH2Cl2 : HPLC grade methanol, MeOH (total volume
40 ml) was used to elute the TLE into 60 ml glass collection vials. Each sample was extracted 3
times for 10 minutes per extraction at 1500 psi and 100 °C.
Separatory Funnels. The extracted TLE was further purified in l L separatory funnels.
Briefly, the TLE from the ASE extraction was transferred into a separatory funnel and 150 ml of
5% aqueous sodium chloride (NaCl) was added to the separatory funnel to ensure complete
separation of the aqueous/organic phases and 5 ml of 0.5N hydrochloric acid (HCl) was added to
make the aqueous phase acidic. The solvents in the separatory funnel were mixed thoroughly by
shaking and allowed to stand for 15 minutes after which time the dichloromethane phase (bottom
organic phase) was drawn off into a flask. The separatory process was repeated 2 more times with
50 ml HPLC grade dichloromethane. After combining the organic extracts, the solvent mixture
was evaporated to near dryness using a rotary evaporator, re-constituted in 1 ml hexane, and
transferred to a 4 ml vial for further processing by column chromatography.
Column Chromatography. Column chromatography, a method of separation using
activated silica gel (5 g), 5% de-activated alumina (2.5 g) and a plug of silanized glass wool stacked
into a glass column in the order listed, can be used to obtain individual fractions of the total lipid
extract. In this study, column chromatography was used to elute the n-alkane fraction from the
total lipid extract. Structurally, the n-alkanes are composed of carbon and hydrogen molecules
only (Fig. 4.3) and are known as normal or straight chain alkanes (Evershed, 2007).
After rinsing the column twice with 25 ml of HPLC grade hexane the TLE recovered from
the separatory funnels was adsorbed onto the surface of the alumina using a pipette and the nalkane lipid fraction was eluted for the first 40 samples using 25 ml of 25% toluene: 75% hexane
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solvent The remaining 34 samples were eluted using 25 ml of hexane only. An alkane standard
was analyzed by column chromatography to confirm that the correct fraction would elute with
hexane-only protocol. Hexane from alkane fraction obtained by column chromatography was then
evaporated under a steady stream of nitrogen and the remaining alkanes were reconstituted in 1 ml
hexane for analysis by gas chromatography/mass spectrometry.

C

H

Figure 4.3. Pentadecane, C15H32 (adapted from NIST Chemistry WebBook)

Analysis
Gas Chromatography/Mass Spectrometry (GC/MS). The alkane lipid fraction was
analyzed by gas chromatography/mass spectrometry (GC/MS) on a Varian 320 GC/MS using an
internal standard (IS) quantitation method. The IS quantitation procedure compares the peak
abundance of the analyte component to: 1) the peak abundance of an internal standard component,
5α-androstane, which was added to the unknown samples; and 2) n- alkane standards (C15, C17,
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C25, C27) run and stored as a compound table on the GC/MS. The IS procedure answers the
question: “What is in the mixture and how much is there?” (Van Vleet, 2008).
Internal Standard. The androgen steroid, 5α-androstane (C19H32), with a concentration of
100 µg/ml in hexane was added to each pottery sample in the amount of 1 ml/sample during the
ASE extraction step.
.

n-Alkane Standards. The n-alkane standards used in the study to identify and quantify

unknown peaks from marine food sources were C15 and C17. The n-alkanes C25 and C27 were
used to identify and quantify unknown peaks from terrestrial food sources. A mixture of the nalkane standards and 5α-androstane were combined in the concentrations shown in Table 4.6.

Table 4.6. Concentration of n-alkane standard mixture

Alkane

Name

Original
Matrix

Original
[]
1g/ml 1

Amount
for 100
µg/ml
0.1 ml

Standard
Purity Volume
(ml)
99.9
1.7

Final [ ]
(µg/ml)

C15

Pentadecane

Solvent

C17

Heptadecane

Methanol 500µg/ml

0.2 ml

99.0

1.7

58.24

C25

Pentacosane

Powder

500 µg/ml

0.2 ml

98.0

1.7

57.65

C27

Heptacosane

Powder

500 µg/ml

0.2 ml

98.0

1.7

57.65

IS

5α-androstane Hexane

100µg/ml

1 ml

100.0

1.7

58.82

1

Titrated dilution 10

58.76

3

The standards were run on the GCMS (Fig. 4.4) and resulting peak amounts (areas) were
used to calculate the response factor and relative response factor values used to calibrate unknown
pottery sample peaks (Equations 1 and 2, Table 4.7). The response factor (Rf) is defined as the area
counts of the peak per mass of sample injected. The relative response factor (RRF) is the absolute
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response factor of a compound divided by the response factor for a reference peak, normally the
internal standard.
𝑅f = (Area P)/(Mass P Injected)

Equation 1

RRF(Peak A) = Rf(Peak A)/Rf(IS)

Equation 2

Using the RRF to calculate peak amounts allows comparison across samples as it controls
for day to day changes in the GC as well as differences between instruments. Responses corrected
with the RRF “remain constant and are not affected by changes in time of analysis or instrument”
(Rome and McIntyre, 2012: 52).

IS
C25

C27
C15

C17

Figure 4.4. Total ion chromatogram of n-alkane standard mixture

68

Table 4.7. Relative response factor for n-alkane standards
Alkane

Mass Injected per 1 µl
(ng)

Area
Counts

RF

RRF

C15

58.76

1.65E+10

280100100.1

0.54

C17

58.24

1.13E+10

194555555.6

0.38

C25

57.65

2.84E+10

493000000.0

0.96

C27

57.65

2.04E+10

353183673.5

0.68

IS

58.82

3.04E+10

515950000.0

1.00

Chromatography. The GC/MS procedure separated the alkane fraction into its component
carbon peaks and produced a total ion chromatogram (TIC) with the identity and amount for each
peak. The Varian 320 GC was equipped with a 30 m x 0.25 mm (i.d.) Zebron Zb -5MS fused silica
capillary column coated with a 5% diphenyl/95% dimethyl polysiloxane stationary phase (film
thickness 0.25 μm). Helium was used as the carrier gas with a flow rate of 1ml/min. The GCMS
column was temperature programmed without hexane to remove impurities before running
standards and samples using an initial temperature of 80 °C that was held for 2 minutes, a rate
increase of 3 °C/min to 350 °C and a hold at 350 °C for 4 minutes for a total run time of 96 minutes.
Run parameters for standards and samples included an initial temperature of 80 °C, a hold for 2
minutes, an increase to 310 °C @ 4 °C/min which was held for 4 minutes for a total of 63.54
minutes/run.
Mass Spectrometry. The mass spectrometer procedure measured the mass to charge ratio
(m/z) of ions and produced a mass spectrum for each peak (Barnard, et al., 2007). The Varian 320
mass spectrometer operated in the electron impact ionization mode (70eV) in the 40-500 m/z mass
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range with a source temperature set at 200 °C. The injector and transfer line temperature were set
at 250 °C. Precision reported for the Varian 320 GC/MS is ± 3.5%, but the precision for samples
more closely reflects 10-15%. Peak identification in the pottery sample were based upon the IS
peak designation, the similarity between the pottery peak’s mass spectrum and the National
Institute of Standards and Technology (NIST) Reference Library spectra, as well as the presence
of the molecular ion for that peak (Barnard, et al., 2007).
Confirmation of Peak Identity and Amount. Although the identity and amount in the
unknown sample peaks were calculated and reported using the IS method, confirmation of these
data were done using NIST Library Search to identify peaks of interest and the “integrate area”
tool to assess the peak amount. The formula used to calculate the amount (µg) in the unknown
peak is shown in Equation 3:
Amount X =

Area X
RRF

×

Amount IS
Area IS

Equation 3

The ratio (µg) of the C15:C17 peaks (Fig. 4.5, Table 4.8) were used to identify pottery with
marine/fish residues (Clark and Blumer, 1967; Mironov et al., 1981). The ratio (µg) of the
C25:C27 peaks (Fig. 4.6, Table 4.9) were used to identify pottery with terrestrial food residues
(Van Vleet, personal communication). To obtain the concentration (µg/g) of the samples, the
amount of the peak is divided by the amount of sample extracted, i.e., 10 grams (see Appendix III
for peak concentration (ug/g) values).
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Figure 4.5. C15:C17 peak ratio in marine reference samples

Table 4.8. Marine reference values (average)
Marine Source

C15 (µg)

C17 (µg)

Saltwater Fish

0.13

0.52

Brackish Water Fish

0.14

0.82

Freshwater Fish

0.06

0.13
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Figure 4.6. C25:C27 peak ratio in terrestrial reference samples

Table 4.9. Terrestrial reference values
Source
Pig bone
Qingdao Rice
Rizhao Area Rice
Qingdao Millet
Rizhao Area Millet

C25 (µg)
0.13
0.15
0.14
0.24
0.23
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C27 (µg)
0.12
0.13
0.15
0.59
0.70

Gas Chromatography-Isotope Ratio-Mass Spectrometry (GC-IR-MS). A subset of the
reference samples (Table 4.10) were sent to the Center for Applied Isotope Studies (CAIS) located
at the University of Georgia in Athens for GC-IR-MS analysis. Samples were run on a Finnigan
MAT 253 Isotope Ratio Mass Spectrometer. Stable isotope values were obtained for the C15, C17,
C25, and C27 peaks to support the findings from the GCMS analysis. Results are reported on a per
mil (‰) basis relative to the PDB standard.

Table 4.10. Selected reference samples for GC-IR-MS
Source
Terrestrial Reference
n=7

Marine Reference
n=3

Description

Context

Shandong Millet
Shandong Rice
Dried Chenopodium
Dried Purslane
Cooked pig bone
Archaeological pig bone
Raw pig bone (drilled)

Modern
Modern
Modern
Modern
Modern
Archaeological
Modern

Congridae or Ophicthyidae
Cynoglossidae (tonguefish)
Platycephalidae (flathead)

Modern
Modern
Modern

Spatial Analysis
Relational Spatial Database
A relational geodatabase (Silberschatz, et al., 2005) was developed for the pottery using
the conceptual design shown in Figure 4.7 (see p. 62). The spatial database creates thematic layers
that allow consistent retrieval and analysis of key data. The basis of all analyses in the database
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was a combination of two polygon layers and one point layer representing three distinct
archaeological features: excavation grid representing Excavation Area One, pits, and pottery4.2.
Schema. The geodatabase is composed of one feature dataset that contains all spatial layers,
a topology, and five relationship classes. The relationship classes are stored within the feature
dataset for thematic purposes as they link Early Pottery and Late Pottery to the Early and Late Pit
feature classes. The boundary of the study area is covered by the Excavation Area One Grid feature
class.
Feature Dataset. The feature dataset within the Pottery geodatabase was named
Liangchengzhen.

Features
Excavation Area One Grid. This polygon feature class represents the boundary of the study
area and the general locations of all of the archaeological features. This information is the
organizational map behind all excavations in Excavation Area One at the Liangchengzhen site.
The excavation grid feature class has a one-to-many relationship with pits, i.e., the one grid
contains many pits.
Early Pits. This polygon feature class contains the spatial location of the early site phase
pits, both ritual and storage/trash. It is located in at least one of the grids from Excavation Area
One. It serves as a spatial parameter/container for the pottery and has a one-to-many relationship
with the pottery feature class, i.e., one pit contains many pottery vessels or sherds.

4.2

Software used to create the relational geodatabase included Microsoft Visio, Microsoft Access, and ArcGIS
Catalog.
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Late Pits. This polygon feature class contains the spatial location of the late site phase pits,
both ritual and storage/trash. It is located in at least one of the grids from the Excavation Area One.
It serves as a spatial parameter/container for the pottery and has a one-to-many relationship with
the pottery feature class.
Early Pottery. This point feature class represents the location where ceramic fragments
associated with the early phase were recovered. This feature class contains the coordinates to
identify the locations where the ceramics were recovered. These points are located in pits, but each
point can only be located in one archaeological pit making it a many-to-one relationship with pits,
i.e., many pottery vessels or sherds are contained within one pit.
Late Pottery. This point feature class represents the location where ceramic fragments
associated with the late phase were recovered. This feature class contains the coordinates to
identify the locations where the ceramics were recovered. These points are located in pits, but each
point can only be located in one archaeological pit making it a many-to-one relationship with pits.

Attribute Validation Elements
Relationship Classes. The Pits to Excavation Grid relationship class consists of a one-tomany relationship between the early and late Pits feature classes and the Excavation grid feature
class using the Grid ID field. The Early Pottery to Pits relationship class has a many-to-one
relationship between the Pottery feature class and the Pits feature class using the Pit ID field. The
Late Pottery to Pits relationship class has a many-to-one relationship between the Pottery feature
class and the Pits feature class using the Pit ID field.
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Domains. Early Pottery is a coded value domain that uses an integer code for Storage/Trash
(1) or Ritual (2) pottery. Late Pottery is a coded value domain that uses an integer code for
Storage/Trash (1) or Ritual (2) pottery.
Subtypes. The pottery subtype fields in the Early Pottery and Late Pottery feature classes
are divided into three types: ding, guan, and yan. The pottery types are coded using values 1
through 3 (ding=1, guan=2, yan=3). The food residue fields in the Early Pottery and Late Pottery
feature classes are divided into five subtypes: fish, terrestrial meat, millet, rice, and plant. The food
residue types are coded using values 1through 5 (fish=1, terrestrial meat=2, millet=3, rice=4,
plant=5).

Spatial Validation Element
Topology. Topological rules are applied to prevent archaeological features from
overlapping and to insure that pottery recovery locations are within single archaeological features.
The geodatabase contains a single topology that contains all of the rules for the layers Pits and
Pottery. The rules and associations are listed below.
Early Pits Early Pottery. The rule “Contains Point” is applied so that ceramic recovery
locations are located within pit features.
Late Pits Late Pottery. The rule “Contains Point” is applied so that ceramic recovery
locations are located within pit features.

Point Pattern Analysis
Conversion of discrete sampled data (point patterns) into a continuous map using point
density estimation was done to spatially examine the potential lines of evidence listed in Table 1,
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i.e., the presence of socially valued foods within ritual pits, restricted locations of ritual pits
(Diggle, 2014; Kravchenko, 2003). Point density estimated the intensity of the event point pattern
(e.g. fish residue) at fixed grid locations (e.g. ritual pits) and calculated a “magnitude per unit area”
from point features that fall within a neighborhood around each point (ESRI, 2014a). Since the
default density units were based on point input features, the results of the point pattern analysis
are reported in square map units, with higher values indicating greater density (magnitude) per
square map unit.
The K-function analysis estimated the amount of clustering of spatial point patterns above
the underlying environmental threshold and detected the differences in space-time clustering, i.e.,
clustering of pottery with millet/plant residues in the early vs. late site phases (Bailey and Gatrell,
1995; Diggle, 2014; Gatrell, et al., 1996). Parameters of K-function analyses used the excavation
grid as the study area boundary, Monte Carlo confidence envelopes (99.9%) for upper and lower
limits of random distributions constructed from 999 permutations for each point4.3, and Ripley’s
edge correction formula for boundary corrections (ESRI, 2014b).

Statistical Analysis
Correspondence Analysis
Correspondence analysis, a multivariate analytical technique, was used to analyze the
frequencies of occurrence of the data in 2-way contingency tables. The results provided a graphical
representation of two-dimensional relationships between cases, variables, and cases and variables

4.3

From the 999 permutations for each point, the observed values that deviated above and below
the expected values by the greatest amounts become the values for the confidence interval (ESRI,
2014b:2).
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(Wells, 2003; van der Veen, 2007). Correspondence analysis reduced the domination by frequency
counts in the data and focused on relationships between groups of objects and their context. In this
study, cases were the pit types (ritual and storage/trash) and the variables were the food residues
(Table 4.11).

Software
The statistical software used to analyze the data included SAS 9.3 (SAS Institute, Cary,
NC), IBM® SPSS® Statistics 21 (SPSS, Inc. Chicago, IL), SigmaPlot 13 (SysStat Software, Inc.
San Jose, CA), Microsoft Office 13 Visio, Microsoft Office 13 Access, and ArcGIS 10 (ESRI,
Redlands, CA).
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Figure 4.7. Conceptual design for relational database
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Table 4.11. Variables for statistical analyses
Terrestrial meat residue
Fish residue
Rice residue
Millet residue
Plant residue
Ding tripod
Guan jar
Yan steamer
Early Phase
Late Phase
Trash/Storage Pit
Ritual Pit
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CHAPTER FIVE
RESULTS

Biomarker Peaks
The designated terrestrial biomarker peaks, C25 and C27, did not appear or
appeared weakly (poor signal-to-noise ratio) in the pottery and reference samples run on the
GCMS (see Chapter 6, Limitations, for possible reasons). Therefore, amounts for the C25 and C27
peaks could not be calculated. However, the designated marine biomarker peaks, C15 and C17,
had a strong signal-to-noise ratio with measurable lipid amounts in most samples (Tables 5.1-5.3).
Therefore, the results of the lipid residue analysis were calculated from the lipid amounts (µg) of
the C15 and C17 peaks in the pottery and compared to the C15:C17 lipid amounts (µg) of the
marine and terrestrial reference samples (See Appendix III for peak concentration (µg/g) values).
Interpretation of the results will be discussed in Chapter 6.
Using the same peaks, i.e., C15 and C17, to differentiate both marine and terrestrial food
sources has precedence in lipid residue analysis. Cramp, et al., (2014) used the C16:C18 stable
isotope values of fatty acid methyl esters (FAMES) to show transition from fishing to dairying
practices in northeast Atlantic archipelagos. Craig, et al. (2007) differentiated aquatic residues
from terrestrial residues in European prehistoric pottery using the C16:C18 stable isotope values
of fatty acid methyl esters (FAMES), as well as in Late Pleistocene Jomon pottery (Craig, et al.,
2013). The examination of using the C15:C17 alkane peaks to differentiate both terrestrial and
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marine reference sources as well as hypothesized common (fish, millet, plant) vs. elite (pig, rice)
food sources for this study indicated that the C15 and C17 were adequate biomarkers for these
purposes (Fig. 5.1, Table 5.4).

Table 5.1. C15 and C17 peak amounts for marine and terrestrial reference samples
Source
Terrestrial
Grains and
Plants

Meat

Marine
Saltwater

Brackish Water

Freshwater

Food Type

Millet
Millet
Rice
Wild Chenopodium
Fresh Chenopodium*
Fresh Chenopodium*
Wild Purslane
Pig Bone
Cooked Pig Bone*
Cooked Pig Bone
Raw Pig Bone
Platycephalidae (flathead)
Congridae or Ophicthyidae
Stomatopoda Crustacean
Bramidae (pomphret)
Unknown
Unknown
Triglidae (sea robins)
Cynoglossidae
(tonguefish)
Cichlidae

*

Sample Type

C15 (µg)

C17 (µg)

Processed Grain
Processed Grain
Processed Grain
Dried Leaves
Stalks, Leaves
Leaves only
Dried Leaves
Crushed Bone
Crushed Bone
Drilled Bone
Drilled Bone

0.29
0.10
0.10
0.14
1.34
0.02
0.24
0.02
0.10
0.03
0.03

0.31
0.19
0.11
0.24
1.41
0.06
0.46
0.06
0.11
0.06
0.07

Flesh

0.09

0.32

Flesh
Flesh
Flesh
Flesh
Flesh
Flesh

0.08
0.34
0.07
0.03
0.17
0.19

0.36
1.25
0.13
0.12
0.82
0.90

Flesh
Flesh

0.09
0.06

0.68
0.12

Removed from analysis. Reference samples were removed because of outlier values, i.e., values were too
extreme from other reference samples to be meaningful pottery samples were removed because of outlier
values or the absence of peaks.
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Table 5.2. C15 and C17 peak amounts in early phase pottery samples
Pit Type
Sherd Type
Storage/Trash Yan *
n=16
Guan
Yan
Yan
Guan
Ding
Guan
Yan
Ding
Guan
Guan
Ding
Ding
Guan
Ding
Guan
Guan
Ding*
Guan*
Ding/Guan*
Ding
Yan
Ding
Guan
Guan
Yan
Ding
Ding
Guan*
Ding
Guan
Ding
Guan
Yan
Guan
Ding
Ding
Guan
Guan
Ding
*
Removed from analysis
Ritual
n=19

Sampling Location Phase
Body
1
Body
1
Body
1
Body
1
Rim
1
Rim
1
Base
1
Body
1
Rim
1
Rim
1
Rim
1
Base
1
Base
1
Base (cooking)
2
Base
2
Rim
2
Base (storage)
2
Base
2
Body
2
Base/Body
2

Pit
H298
H298
H298
H298
H298
H298
H298
H298
H422
H422
H422
H422
H422
H385
H385
H385
H385
H410
H410
H410

Rim
Body (middle)
Rim
Rim
Rim
Body
Rim
Rim
Rim
Base
Body
Base
Base
Body (lower)
Rim
Rim
Rim
Rim
Rim
Rim

H280
H280
H280
H280
H280
H280
H280
H401
H401
H401
H401
H401
H401
H401
H401
H401
H401
H401
H363
H386
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1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
4
4

C15 (µg) C17 (µg)
0.00
0.00
0.22
0.49
0.22
0.49
0.19
0.32
0.12
0.35
0.59
1.41
0.24
0.29
0.12
0.20
0.12
0.22
0.17
0.18
0.19
0.33
0.15
0.33
0.19
0.42
0.49
0.71
0.23
0.51
0.57
0.71
0.79
1.05
1.18
1.10
3.30
3.01
1.18
1.29
0.20
0.60
0.19
0.46
0.44
0.32
0.31
0.51
0.00
0.42
1.16
1.12
0.11
0.23
0.27
0.76
0.64
0.21
0.21
0.22

0.18
0.86
0.33
0.61
0.49
0.38
0.22
0.50
0.00
0.50
0.68
0.84
0.25
0.26
0.37
0.61
0.66
0.33
0.32
0.46

Table 5.3. C15 and C17 peak amounts in late phase pottery samples
Pit Type
Sherd Type
Storage/Trash Yan*
n=12
Yan
Ding
Ding
Ding
Ding*
Ding
Ding
Guan
Ding
Ding
Guan
Guan
Ding
Yan
Yan
Ding
Guan
Ding
Guan
Guan
Ding
Ding*
Ding
Yan
Yan
Yan
Yan
Ding
Ding
Ding*
Ding
Guan*
Yan
*
Removed from analysis
Ritual
n=17

Sampling Location
Body
Body
Rim
Base
Base
Rim
Rim
Rim
Rim
Rim
Rim
Rim
Rim
Body
Body
Body
Rim
Rim
Rim
Rim
Rim/Body
Rim
Rim
Rim
Base
Base
Base
Body
Rim
Rim
Rim
Rim
Rim
Body
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Phase
7
7
7
7
7
7
7
7
7
7
8
8
8
8

Pit
H199
H199
H223
H223
H223
H223
H230
H238
H254
H254
H205
H205
H205
H253

C15 (µg)
0.00
0.77
0.36
0.42
0.22
1.01
0.27
0.45
0.44
0.50
0.22
0.20
0.32
0.18

C17 (µg)
0.00
0.63
0.35
0.30
0.20
0.20
0.18
0.36
0.38
0.37
0.16
0.21
0.36
0.17

6
6
6
7
7
7
7
8
8
8
8
8
8
8
8
8
8
8
8
8

H111
H111
H111
H122
H122
H122
H122
H31
H31
H31
H31
H31
H31
H31
H31
H31
H31
H64
H89
H89

0.11
0.18
0.22
0.09
0.20
0.20
0.18
0.13
1.58
0.03
0.04
0.17
0.06
0.09
0.16
0.15
0.31
0.23
4.01
0.25

0.28
0.30
0.44
0.17
0.21
0.29
0.24
0.18
1.36
0.05
0.01
0.15
0.12
0.04
0.09
0.03
0.06
0.25
3.09
0.22

1.4
1.2
Archaeological Pig Bone
Cooked Pig Bone
Raw Pig Bone
Rice
Millet
Plant
Saltwater Crustacean
Saltwater Fish
Brackishwater Fish
Freshwater Fish

C17 (µg)

1.0
0.8
0.6
0.4
0.2
0.0

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

C15 (µg)
Figure 5.1. C15:C17 ratio for marine and terrestrial reference samples Average values taken
from Table 5.4 are plotted).

Table 5.4. Average values for terrestrial and marine reference samples
Source
Millet
Rice
Plant
Archaeological Pig Bone
Cooked Pig Bone
Raw Pig Bone
Saltwater Crustacean
Saltwater Fish
Brackishwater Fish
Freshwater Fish

C15 (µg)
0.20
0.10
0.19
0.02
0.03
0.03
0.34
0.13
0.14
0.06
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C17 (µg)
0.25
0.12
0.35
0.06
0.06
0.07
1.25
0.50
0.79
0.12

Although error bars (Fig. 5.2) indicate some overlap between freshwater fish and rice,
and freshwater fish and pig bone, enough differentiation occurs to provide reliable interpretation
of lipid residues in the pottery.

1.60

1.40

SW Crustacean
1.20

1.00

BW Fish

C17 (µg)

0.80

0.60

0.40

0.20

-0.05

SW Fish

0.00
0.00

Plant
Pig

FW Fish
Millet

Rice
0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

-0.20

C15 (µg)
Figure 5.2. C15:C17 peak ratios for marine and terrestrial reference samples with error bars
Average values taken from Table 5.4 are plotted).

Lipid Residue Analysis
Gas Chromatography Mass Spectrometry (GCMS)
Pottery from early storage-trash pits contained residues from saltwater crustaceans,
saltwater and brackish-water fish, plants, and millet, but no residues from pig, rice or freshwater
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fish, although a yan steamer (0.12, 0.20; H298) and ding tripod (0.12, 0.22; H422) (Table 5.2)
may have had mixed rice/millet residues. Guan, yan, and ding pottery types contained both fish
and millet/plant residues (Table 5.2, Figure 5.3).
Similarly, pottery from the early ritual pits also contained saltwater and brackish-water
fish, plant, and millet residues, but no pig, rice, or freshwater fish residues. The C17 values of fish
residues were slightly lower than those from the early storage-trash pits since no sherds contained
saltwater crustacean residues. Fish, plant, and millet residues were present in all three pottery types
from the early ritual pits. (Table 5.2, Figure 5.4).

1.6
1.4
1.2

Archaeological Pig Bone
Cooked Pig Bone
Raw Pig Bone
Rice
Millet
Plant
Saltwater Crustacean
Saltwater Fish
Brackishwater Fish
Freshwater Fish
Ding
Guan
Yan

C17 (ug)

1.0
0.8
0.6
0.4
0.2
0.0

0.0

0.2

0.4

0.6

0.8

1.0

C15 (ug)

Fig. 5.3. C15:C17 peak ratios for early storage trash pottery residues
There was only one yan sherd (0.77, 0.63; H199) from the late storage-trash pits that may
have contained some saltwater fish residue (Table 5.3, Figure 5.5). The remaining ding and guan
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1.4
1.2
Archaeological Pig Bone
Cooked Pig Bone
Raw Pig Bone
Rice
Millet
Plant
Saltwater Crustacean
Saltwater Fish
Brackishwater Fish
Freshwater Fish
Ding
Guan
Yan

C17 (µg)

1.0
0.8
0.6
0.4
0.2
0.0

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

C15 (µg)

Fig. 5.4. C15:C17 peak ratios for early ritual pottery residues

pottery sherds contained plant and millet residues. No pig, rice, or freshwater fish residues were
present in sherds from the late storage-trash pits.
A freshwater fish residue was found in a yan sherd (0.06, 0.12) from the late ritual pit H31
(Table 5.3, Figure 5.6). Pig residues were found in a ding (0.03, 0.05) and yan (0.04, 0.01) pottery
sherd and rice residues were present in ding, guan, and yan pottery sherds, primarily from H31.
Millet and plant residues were found in all three sherd types from late ritual pits, with the majority
being from millet. It is possible that a yan (0.16, 0.15) and a ding (0.16, 0.10) sherd in H31may
have contained a mixture of millet and rice residues, while another ding sherd (0.15, 0.03) in H31
may have had a mixture of rice and pig residues (Fig. 5.6, Table 5.3).
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Fig. 5.5. C15:C17 peak ratios for late storage trash pottery residues

Gas Chromatography-Isotope Ratio- Mass Spectrometry (GC-IR-MS)
Six out of the ten reference samples produced compound specific isotope values (Table
5.5, Fig. 5.7). The isotope δ13C15.0 : δ13C17.0 ratio for the saltwater and brackish-water reference
samples were closer together than the corresponding quantitative ratios, while terrestrial pig
isotope ratios were farther apart than the quantitative terrestrial pig ratios. However, the ratio of
δ13C15.0 : δ13C17.0 isotope values for terrestrial reference samples of Chenopodium, cooked pig bone,
and archaeological pig bone and marine reference samples of saltwater and brackish-water fish
had equivalent5.1 relational properties to the corresponding terrestrial and marine quantitative (µg)
ratios ( Fig. 5.1) supporting the accuracy of the quantitative analysis.

Due to the negative δ13C15.0 and δ13C17.0 isotope values, the isotopic distribution is a flipped mirror image of
the quantitative distribution (Fig. 5.1), but the relational properties are equivalent.
5.1
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Fig. 5.6. C15:C17 peak ratios for late ritual pottery residues

Table 5.5. δ13C15.0 and δ13C17.0 isotope values for terrestrial and marine reference samples

Source
Terrestrial
Reference
n=7

Description

Context

Shandong Millet
Shandong Rice
Dried Chenopodium
Dried Purslane
Cooked pig bone
Archaeological pig bone
Raw pig bone (drilled)

Modern
Modern
Modern
Modern
Modern
Archaeological
Modern

δ13C15.0
(‰)

δ13C17.0
(‰)

-29.9

-30.3
-30.7

-28.4
-27.6

-28.2
-30.4

Modern

-27.3

-34.8

Modern

-27.1

-35.3

Modern

-27.9

-35.5

Marine Reference
n=3

Congridae or
Ophicthyidae
Cynoglossidae
(tonguefish)
Platycephalidae
(flathead)
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-26

13

C 17.0 (‰)

-28
Archaeological Pig Bone
Cooked Pig Bone
Plant
Saltwater Fish
Brackishwater Fish

-30

-32

-34

-36
-30.5

-30.0

-29.5

-29.0

-28.5
13

-28.0

-27.5

-27.0

-26.5

C15.0 (‰)

Fig. 5.7. δ13C15.0 and δ13C17.0 isotope values for terrestrial and marine reference samples

Statistical Analyses
Correspondence Analysis
The results of the correspondence analysis (CA) visually demonstrated the relationship
between pit types and food residue, between food residues, and between pit types. The frequency
counts for the pit types (columns/cases) and food residues (rows/variables) are shown in Table 5.6.
The column and row profiles, indicating the set of relative frequencies, show the proportion
of the number of respondents in the row or column (Table 5.7-5.8). The proportion values are
used as masses to calculate the weighted distances between cases and variables, cases, and
variables. The total inertia or measure of variance in the data (Greenacre, 2013), was broken down
into the contributions of each dimension (Table 5.9) indicating that Dimension 1 explained 72%
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of the total inertia while Dimension 2 explained 15.3%. Since the first two dimensions together
explain 87.3%, a two dimensional solution is satisfactory (Wells, 2006).

Table 5.6. Frequencies of cases and variables

Food Residue

Early Storage
Trash
Pig
0
Rice
0
Millet
4
Plant
5
SW Crustacean
2
SW Fish
3
BW Fish
2
FW Fish
0
Column Totals
16
2
Χ = 41.15, 12 df, p > 0.001

Pit Type
Late Storage
Trash
0
0
5
6
0
1
0
0
12

Early
Ritual
0
0
4
5
0
8
2
0
19

Late
Ritual
2
7
5
2
0
0
0
1
17

Row
Totals
2
7
18
18
2
12
4
1
64

Late Ritual

Active
Margin

Table 5.7. Row (Food Residue) profiles

Food Residue
Pig
Rice
Millet
Plant
SW Crustacean
SW Fish
BW Fish
FW Fish
Mass

Early
Storage
Trash
0.00
0.00
0.22
0.28
1.00
0.25
0.50
0.00
0.25

Early
Ritual
0.00
0.00
0.22
0.28
0.00
0.67
0.50
0.00
0.30
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Pit Type
Late
Storage
Trash
0.00
0.00
0.28
0.33
0.00
0.08
0.00
0.00
0.19

1.00
1.00
0.28
0.11
0.00
0.00
0.00
1.00
0.27

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Table 5.8. Column (Pit Type) profiles

Food Residue
Pig
Rice
Millet
Plant
SW Crustacean
SW Fish
BW Fish
FW Fish
Active Margin

Early
Storage
Trash
0.00
0.00
0.25
0.31
0.13
0.19
0.13
0.00
1.00

Early Ritual
0.00
0.00
0.21
0.26
0.00
0.42
0.11
0.00
1.00

Pit Type
Late
Storage
Trash
0.00
0.00
0.42
0.50
0.00
0.08
0.00
0.00
1.00

Late Ritual

Mass

0.12
0.41
0.29
0.12
0.00
0.00
0.00
0.06
1.00

0.03
0.11
0.28
0.28
0.03
0.19
0.06
0.02

Table 5.9. Inertia of each dimension
Dimension
1
2
3
Total

Inertia
0.58
0.12
0.10
0.80

Proportion Explained
0.72
0.15
0.13
1.00

The contribution of each row and column point enables a better interpretation of the
dimensions. Table 5.10 shows that rice (0.51) and the Late Ritual pit type (0.72) contributed
substantially to the first dimension, whereas saltwater fish (0.48) and the Late Storage Trash (0.50)
and Early Ritual (0.44) pit types contributed substantially to the second dimension.
The biplot (Fig. 5.8) of the two dimensions or components showed spatially discrete
clusters for pit types and food residues associated with the pit types. Millet and plant residues were
grouped with both the Early and Late Storage/Trash pit types. The saltwater crustacean also
mapped between these two pit types, although this food residue was found only in the Early
Storage Trash pit type. The saltwater and brackishwater fish were grouped with the early ritual pit
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Table 5.10. Contribution of row and column points to the inertia of each dimension
Mass

Dimension/Component
1
2

Row Points (Food Residue)
Pig
Rice
Millet
Plant
SW Crustacean
SW Fish
BW Fish
FW Fish

0.03
0.11
0.28
0.28
0.03
0.19
0.06
0.02

0.15
0.51
0.00
0.04
0.02
0.15
0.05
0.07
1.00

0.01
0.04
0.11
0.22
0.05
0.48
0.07
0.01
1.00

Column Points (Pit Type)
Early Storage Trash
Early Ritual
Late Storage Trash
Late Ritual

0.25
0.30
0.19
0.27

0.10
0.16
0.02
0.72
1.00

0.05
0.44
0.50
0.01
1.00

Figure 5.8. Scatterplot of first and second component scores for the correspondence between food
residue and pit type, food residues, and pit types
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type while rice, pig, and freshwater fish were associated with the late ritual pit type. The
relationship among pit types indicated that the storage/trash pits from the early and late site phases
were more commonly situated on both dimensions. The early ritual pit type was closer to the
early/late storage trash pit types along Dimension 1 than the late ritual pit type which was the most
distant from the other 3 pit types.

Spatial Analysis
The spatial distribution of identified food residues found in the early site phase pottery is
shown in Table 5.11 and Fig. 5.9. The spatial distribution of the food residues in the ritual and
storage/trash pits from the early site phase visually supports the relationships between pit types
and food residue determined by the correspondence analysis. For early storage trash pits, millet
and plant residues are dominant while saltwater and brackish water fish residues dominate early
ritual pits, especially H401 (Fig. 5.9). Exceptions were storage/trash pits H385 in grid T2300 and
H298 in grid T2396 which contained fish and saltwater crustacean residues.
The spatial distribution of identified food residues found in the late site phase pottery
(Table 5.12 and Fig. 5.10) indicates a scarcity of fish residues in both storage/trash and ritual pits.
Millet and plant residues are present in both pit types but more prominent in late storage/trash pits.
With the exception of a saltwater fish residue from a yan steamer in H199, all late storage trash
pits contained either millet or plant residues.
Rice residues occur solely in late site phase ritual pits, especially H31, while pig residues
occur only in the ritual pit H31. An exception, ritual pit H89, contained no “prestigious” food
residues of rice or pig, only millet residues.
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Table 5.11. Identification of food residues from early phase pottery samples
Source
Sherd Type
Storage/Trash Guan
n=16
Yan
Yan
Guan
Ding
Guan
Yan
Ding
Guan
Guan
Ding
Ding
Guan
Guan
Guan
Guan
Ritual
n=19

Ding
Yan
Ding
Guan
Guan
Yan
Ding
Ding
Ding
Guan
Ding
Guan
Yan
Guan
Ding
Ding
Guan
Guan
Ding

Sampling Location
Body
Body
Body
Rim
Rim
Base
Body
Rim
Rim
Rim
Base
Base
Base (cooking)
Body
Rim
Base (storage)

Site Phase
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2

Pit
H298
H298
H298
H298
H298
H298
H298
H422
H422
H422
H422
H422
H385
H385
H385
H385

Residue
SW Fish
SW Fish
Plant
Plant
SW Crustacean
Millet
Millet
Millet
Millet
Plant
Plant
Plant
BW Fish
SW Fish
BW Fish
SW Crustacean

Rim
Body (middle)
Rim
Rim
Rim
Body
Rim
Rim
Base
Body
Base
Base
Body (lower)
Rim
Rim
Rim
Rim
Rim
Rim

1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
4
4

H280
H280
H280
H280
H280
H280
H280
H401
H401
H401
H401
H401
H401
H401
H401
H401
H401
H363
H386

Millet
BW Fish
Plant
SW Fish
SW Fish
Plant
Millet
SW Fish
SW Fish
SW Fish
BW Fish
Millet
Millet
Plant
SW Fish
SW Fish
Plant
Plant
SW Fish
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Figure 5.9. Spatial distribution of food residues in early phase pits
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Table 5.12. Identification of food residues from late phase pottery samples
Pit Type
Sherd Type
Storage/Trash Ding
n=12
Ding
Guan
Ding
Yan
Ding
Guan
Guan
Ding
Ding
Ding
Ding
Ritual
n=17

Guan
Ding
Guan
Guan
Ding
Ding
Yan
Yan
Yan
Yan
Ding
Ding
Ding
Yan
Yan
Yan
Ding

Sampling Location
Rim
Rim
Rim
Rim
Body
Rim
Rim
Rim
Rim
Base
Base
Body

Site Phase
7
7
7
7
8
8
8
8
8
8
8
8

Pit
H230
H238
H254
H254
H199
H205
H205
H205
H223
H223
H223
H253

Residue
Millet
Plant
Plant
Plant
SW Fish
Millet
Millet
Plant
Plant
Plant
Millet
Millet

Rim
Rim
Rim
Rim/Body
Rim
Rim
Base
Base
Base
Body
Rim
Rim
Rim
Body
Body
Body
Rim

7
7
7
7
8
8
8
8
8
8
8
8
8
8
8
8
8

H122
H122
H122
H122
H31
H31
H31
H31
H31
H31
H31
H31
H64
H89
H111
H111
H111

Rice
Millet
Millet
Millet
Rice
Pig
Pig
Rice
FW Fish
Rice
Rice
Rice
Millet
Millet
Rice
Plant
Plant
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Figure 5.10. Spatial distribution of food residues in late phase pits
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Figure 5.11. Density of fish residues in the early phase pits. (The values of the output represent the
density of food residues in pits per square map unit. The higher values indicate a greater density
(magnitude) of food residues per square map unit within pits).
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Figure 5.12. Density of fish residues in the late phase pits
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Figure 5.13. Density of millet and plant residues from the early phase pits.
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Figure 5.14. Density of millet and plant residues from the late phase pits
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Figure 5.15. Density of rice residues in the late phase pits
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Point Density Analysis
The density of fish residues transition from heavy ocurrence in the early site phase to very
light occurrence in the late site phase (Fig. 5.11-5.12). However, the density of millet and plant
residues remain consistent across early and late site phases (Fig, 5.13-5.14). The density of rice
was non-existent during the early site phase, but appeared with moderate density in the ritual pits
from the Late Site Phase, with a higher density of rice appearing in H31 (Fig. 5.15). Pig residues
also appeared only during the Late Site Phase in H31 (density map not shown).

K- Function Analysis
In this thesis, spatial clustering indicates a “tendency” for food residues to “occur more
closely together than would be compatible with random sampling” (Diggle, 2014:176) while
spatial dispersion indicates the opposite, i.e., food residues occur more widely apart than would be
expected with random sampling.
Fish residues in the early phase demonstrated a statistically significant clustering pattern
above a random distribution, i.e., observed values are above the upper confidence interval (99%
CI) boundary, 5.2 (Fig. 5.16). The number of fish residues from the late phase pits (n=2) were too
small to allow K-function analysis, so a space-time comparison is not possible.
Millet and plant residues from the early phase demonstrated significant clustering above a
random distribution for all but the greatest distances (Fig. 5.17). Clustering of millet and plant
residues from the late phase moved from a dispersed distribution at the lowest distance to a

5.2

The x axis, Distance, represents the difference between observed and expected clustering. The highest values
indicate the distance among residues where “spatial processes promoting clustering are most pronounced” and vice
versa (ESRI, 2014b). Confidence intervals represent the upper and lower 99 th percentile.
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significantly clustered distribution at medium distances then remained clustered above a random
distribution at the greatest distances, but not significantly (Fig. 5.18).
Rice residues from the late phase were more clustered than a random distribution at
medium distances (not significant), but became more dispersed than a random distribution at the
lowest and highest distances among rice residues (Fig. 5.19). K-function analyses for rice residues
in the early phase were not done since these residues did not occur in the early phase pottery
samples.

Figure 5.16. Clustering of fish residues from the early phase
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Figure 5.17. Clustering of millet and plant residues from the early phase
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Figure 5.18. Clustering of millet and plant residues from the late phase
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Figure 5.19. Clustering of rice residues from the late site phase
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CHAPTER SIX
DISCUSSION

Evaluation of the Primary Hypothesis
I argue that results of the lipid residue analysis provide partial support of increasing social
inequality with respect to food consumption from early to late phases at Liangchengzhen. The
pattern of consumption during the early phase from both storage/trash and ritual pits (see Figs. 5.9
and 5.11), as well as the clustering pattern of fish in the early phase (see Fig. 5.16) suggests a more
widespread, inclusive distribution of marine food sources, along with the ubiquitous distribution
of millet and plants (see Figs. 5.9 and 5.13). In contrast, late phase storage/trash pits primarily
contained millet and plant residues (see Figs. 5.10 and 5.14) while hypothesized ritual pits from
the late phase contained numerous pottery samples with rice residues (see Figs. 5.10 and 5.15),
with both rice and pig residues in H31 (see Fig. 5.10). Although millet and plant residues were
found in hypothesized late phase ritual pits, with the exception of H31 (Fig. 5.14), no rice or pig
residues were found in late phase storage/trash pits (Fig. 5.15), a pattern supported by the clustering
of rice residues in the late phase (see Fig. 5.19), suggesting a more separate and differential, pattern
of consumption during the late phase. Although this finding supports the primary hypothesis of
increasing social inequality with respect to food consumption from early to late phases, this finding
does not match the distribution of material remains (Bekken, in press; Crawford, in press) of rice
and pig found in early phase pits or late phase storage/trash pits from Excavation Area One.
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Evidence Supporting the Primary Hypothesis
The subsequent sub-headings in this section refer to the corollaries supporting the primary
hypothesis listed in Table 1.2.
Prestigious foods, i.e., rice and meat will be spatially widespread and available to many
households for ritual or general purposes during the early site phase vs. prestigious foods will be
spatially restricted during the late site phase. In this study, the socially valued food during the early
phase appeared to be saltwater fish, not rice and meat, since this food source was more closely
associated with early phase ritual pits (see Fig.5.8 and Table 5.8). However, the marine food source
was present in both ritual and storage trash pits (see Fig. 5.9), indicating an availability of marine
food sources for both special occasions and general consumption activities (see Table 5.11). In
contrast, the prestigious foods of rice and pig meat appeared only during the late phase and only
in hypothesized ritual pits, suggesting a possible restriction of prestigious foods during the late
phase (see Fig. 5.10 and Fig. 5.15). A possible alternative explanation may be that the hypothesized
ritual pits (ritual indicating ceremonial feasting activities) were proposed in error, i.e.,
misclassified as ritual when in fact they are storage/trash.
The transition from saltwater fish as a possible prestigious food in the early phase, a food
source hypothesized to be likely accessible to all Liangchengzhen residents, to rice and pig as
prestigious foods in the late phase, food sources that would require husbandry (e.g. pig), or
cultivation (e.g. rice) , also supports a hypothesis of increasing social inequality since goods that
are labor intensive (e.g. cultivation of rice and pig husbandry) have an assignation of greater
prestige and desirability (Curet & Pestle, 2010; Hayden, 2014a; Underhill, 2002). It is possible
that some families obtained increasing control over labor. Although it is known from material
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remains that rice and pig were present earlier at Liangchengzhen, the above interpretation relies
upon the residue analysis results from this thesis and their spatial context.
The presence of a freshwater fish residue in the ritual pit H31 may also be representative
of differential food access since only saltwater and brackish water fish appear in both pit types
during the early phase and in a late phase storage/trash pit (H199). However, this conclusion is
only speculative and is based solely on its location in the known ritual pit H31.
The spatial restriction of these prestigious food sources (rice and pig) in hypothesized late
phase ritual pits suggests social distance or separation. In Fig. 5.8, ritual pits from late phase that
contain the prestigious pig and rice residues have the greatest distance from both early and late
phase storage trash pits associated with millet and plant residues as well as early ritual pits
associated with saltwater and brackishwater fish. Late phase ritual pits are the most different and
separate and may indicate a differential access to the socially valued pig and rice.
A strengthening of power by elites at Liangchengzhen based upon a pattern of increased
nucleation has been suggested during the Middle Longshan (ca. 2400-2200 B.C.), a time period
that coincides with the entire late phase and latter part of the early phase in Excavation Area One
(Lanehart, et al., 2008, 2011; Underhill, et al., 2008; see also Chapter 2). The pattern of increased
rice consumption at Liangchengzhen during the late phase shown by the residue analysis may be
related to the higher social status of at least some of the inhabitants residing in a large
administrative center where rice was cultivated as a preferred food to be used for public ceremonies
and negotiation (see Lanehart, et al., 2011). Underhill, et al., (2008) discuss the possibility of elite
management of labor at Liangchengzhen through a water management strategy (drainage of
swampy areas of land) for the cultivation of crops. However, Excavation Area One was considered
a “middle class” neighborhood on the basis of house and burial remains, rather than one dominated
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by “elites”, so the pattern is not clear. In addition, the absence of rice in the early phase pits and
late storage/trash pits is inconsistent with macrobotanical remains found at Liangchengzhen (see
Crawford, et al., 2004, 2005). An alternative explanation for the lack of rice residues in pottery
from the early phase pits and late storage trash pits may be that containers made from wood such
as bamboo were used more often to steam rice instead of ceramic vessels.
The domestication of pigs during the Longshan had occurred by the early phase at
Liangchengzhen and much earlier in Shandong Province, but no pig residue was found in the
pottery sherds sampled in the early phase. Since pig was a major source of meat during the
Longshan (Jin, 2009), the absence of pig residue during the early phase as well as late phase
storage/trash pits is unexpected. An alternative explanation for the absence of pig meat in early
phase pottery and late phase storage/trash pits may be that pig meat was roasted instead of being
cooked in pots. Remnants of burnt pig bone fragments found at Liangchengzhen may indicate the
possibility of roasting meat. Also, cooking meat in pots may have been a method primarily used
for ritual occasions. In the subsequent Erlitou period (ca.1850-1550 B.C.), roasting meat was a
prevalent cooking method in both rural and urban settings, along with the boiling of meat in pots,
but was used with much less frequency by the early Shang (ca.1600-1400 B.C.) Erligang period
(Fang, 2013; Xu, 2013).
In this thesis, rice and pig occurred in the late phase appearing only in hypothesized ritual
pits and was not present in pottery from the early phase, suggesting a possible shift from inclusive
and integrative consumption patterns to a more exclusive and unequal consumption pattern of
prestigious foods. The limitation of rice and pig residues to hypothesized ritual pits during the late
phase in this study may indicate that these foods were socially valued and were restricted to
ritualistic occasions, i.e., feasting.
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Prestigious foods will be more common and will be found in a wide variety of pottery
vessels, i.e., coarse wares, fine wares, poorly constructed vessels, finely crafted vessels vs.
prestigious foods will be less common and residues from prestigious foods will be found more
frequently in ritual pits. The possible prestigious food of the early phase, marine food sources,
were found in all pottery types, guan, ding, and yan (see Table 5.11), with guan being the most
frequent container in early site phase storage/trash pits and ding the most frequent in early site
phase ritual pits for my sample.
During the late site phase, the prestigious food rice was primarily found in ding and yan
with one guan jar containing rice (see Table 5.12). Pig residues were found in ding and yan pottery
sherds from H31 (see Appendix II). The prestigious rice and pig residues were found only in ritual
pits (n=3, see Table 5.12, Fig. 5.15) indicating that these foods were not commonly shared among
all Liangchengzhen inhabitants. All of the pottery sherds sampled were coarse ware, therefore no
comparison of fabric was possible.
Feasting rituals will be widespread, the hypothesized ritual pits will be relatively numerous
and in several locations; the ritual pits should contain evidence of prestigious foods in pottery
residues vs. feasting rituals will be more restricted therefore the hypothesized ritual pits will be
more localized and some will be spatially restricted. The hypothesized early phase ritual pits
occurred in scattered locations in the excavation grid (Fig 4.1) whereas the hypothesized late phase
ritual pits covered a smaller area (Fig. 4.2). Hypothesized ritual pits in the early phase contained
fish residues, a food source hypothesized to be accessible to all inhabitants, while hypothesized
ritual pits during the late phase contained prestigious rice (H31, H111, H122) and pig residues
(H31 only).
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The late phase ritual pit, H31, was set apart from other hypothesized late phase ritual pits
in that it contained no millet or plant residues (see Fig. 5.14). In addition, H31 was the only late
phase ritual pit that contained pig and freshwater fish residues. Findings from previous research of
large, whole pottery vessels in H31 (Underhill, et al., 2008), rice residues from alcoholic
beverages, possibly a valued item (McGovern, et al., 2005a, 2005b), and δ13C and δ18O stable
isotope values of pig apatite from H31 similar to human apatite values possibly indicating a special
diet for ritual purposes (Lanehart, et al., 2011), all suggest that specialized activities took place in
H31.
The exclusiveness found in H31 is absent in all other hypothesized ritual pits in this study,
from both early and late phases, and may suggest a move towards a greater degree of hierarchy by
the late phase at Liangchengzhen. The separation of H31 from the other hypothesized late phase
ritual pits may indicate that feasting practiced in more exclusive domains was observed differently
in less exclusive hypothesized late phase ritual pits that contained millet and plant residues as well
as rice residues. However, it is possible that rituals in H31 were partially inclusive, involving
people in the neighborhood, and possibly hosted by a family more important than others to create
debt and symbolize power. Alternatively, H31 may have been used as a special kind of offering
pit in a residential neighborhood that included remnants of possible feasting (as opposed to
offerings to the deceased after funerals as proposed by Liu, 2000). Another possibility is that the
participants ate and drank their fill and only offered a token amount of food and drink to the
ancestors, tossing their pots after eating into pits like H31.
During the late phase, feasting activities may have circumscribed both large-scale,
exclusive feasting and feasting with less diversity of prestigious foodstuffs, providing a continuum
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of access and scale for these activities, with commoners on one end and elites on the other, a pattern
that differs from the inclusive, widespread consumption of fish found in the early phase ritual pits.
The hypothesized trash and storage pits will have fewer residues of prestigious foods and
greater abundance of non-prestigious foods, i.e., millet, plants. The pit type profiles (see Table 5.8)
indicate that storage/trash pits from both the early and late site phases contained no prestigious pig
or rice residues. Although brackish water and saltwater fish residues were found in early storage
trash pits, the relative frequency (see Chapter 4, section on Correspondence Analysis) of saltwater
fish residues, was much higher for early ritual pits (0.42) than early storage/trash pits (0.19) while
the relative frequency of brackish water fish was similar for both ritual and storage/trash pit types
(0.11 vs. 0.13, respectively). Although no socially valued foods appeared in early phase ritual pits
either, a larger quantity of fish (meat source) occurred along with a lesser quantity of grains and
plants. The pit type profiles support the hypothesis that trash and storage pits contained fewer
residues from prestigious food sources, in this case, mundane meat sources from fish but not the
socially valued meat source of pig.
The relative frequency of millet (0.25) and plant (0.31) residues in early storage trash pits
was slightly higher than millet (0.21) and plant (0.26) residues in hypothesized early ritual pits.
However, by the late phase, millet (0.42) and plant (0.50) residues in storage trash pits occurred
with much higher relative frequency than millet (0.29) and plant (0.12) residues in hypothesized
ritual pits. The association of storage trash pits with millet and plant residues is supported by the
biplot in Fig. 5.8. Taken together, these data support the hypothesis that storage and trash pits had
a greater abundance of non-prestigious foods. The occurrence of millet and plant residues in
storage/trash pits became more pronounced by the late phase.
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Hypothesized Function of Pottery Types
Many scholars have assumed that the hypothesized function for types of pottery vessels
from the Chinese Neolithic and Bronze Age consisted of cooking or storing only one type of food
in the pottery, i.e., guan and ding were used for cooking meat while yan cooked grains or
vegetables (see Underhill, 2002). Findings from this study indicated that the use of pottery types
for cooking were not limited to one source, i.e., marine, rice, millet and plant residues were found
in all pottery types while pig residues were found in ding and yan pottery (see Appendix II).
Heretofore, meat has not been associated with yan pottery. There has been little research on the
effect of mixing of foodstuffs in vessels (multiuse of pots) for lipid residue analysis (see. Charters,
et al., 1995). Reber, et al. (2004b) noted that interpretation of lipids (fatty acid lipid fraction) over
the lifetime use of the pot can be problematic because the mixed fatty acids can combine to reflect
one residue that may not even have been initially present. Dunne, et al., (2012) found a mixed
category of animal and plant remains in several potsherds that were hypothesized as either
processed together in the pot or reflected the multiuse of the pots. The mixture did not result in
the presence of one residue, as hypothesized by Reber, et al. (2004b), but provided the researchers
with data on the mixing of foodstuffs. I feel that cooking multiple foods in pottery vessels would
result in a mixed quantitative or isotope value similar to the stable isotope values obtained when
C3 and C4 foods are both part of the diet. Experimental research on the effect of mixing foods in
one vessel and how it affects the food signature should be examined in lipid residue analysis,
especially for the alkane lipid fraction. In addition, the previous assumptions, about the
hypothesized function of these vessels for cooking or storing only one food type need to be
carefully evaluated in future studies, perhaps by analyzing only one pottery type from different
contexts at Liangchengzhen, i.e., doing a study on ding sherds found at Liangchengzhen.
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Limitations
Sample Size
The results provided by the small number of sherds (n=64) analyzed in the study need to
be corroborated by residue analysis from a larger sample of sherds at Liangchengzhen, not only
from the same pit locations but also from additional pit locations covering a wider area. Additional
pits from early to late phases need to be included in future studies. The absence of pig residue in
pottery during the early site phase needs to be examined since this finding is questionable, i.e., was
pig meat not found due to the small number of pottery sherds and areas sampled. In addition, a
larger array of reference samples need to be analyzed to establish a robust reference database. For
example, terrestrial meat samples of deer and cattle mentioned in Chapter 1, were not available for
this analysis, only pig. Additional samples of plant types found at Liangchengzhen, e.g.
Brassicaceae, need to be included (see Crawford, et al., 2005), as well as freshwater, saltwater,
and brackish water marine samples.

Sampling Areas of the Sherds for Possible Residues
In this study, sherds were not washed by the researcher but only brushed. In addition, the
sherds were crushed instead of drilled (Valdambrini, 2007). As a result of the sampling technique,
residues were not as clean as desired and contained branched chain alkanes as well as n–alkanes,
possibly preventing the detection of the biomarker C25 and C27 alkane peaks for identification of
terrestrial food sources as well as limiting the ability to analyze the compound specific isotope
values for δ13C15.0 and δ13C17.0 for identification of marine and terrestrial foods. In future studies,
pottery sherds will be sonicated in distilled water, air dried, and drilled to obtain the sample for
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lipid residue analysis to enhance the detection of stable isotope values and the terrestrial
biomarkers, C25 and C27.

Outliers and Mixed Residues
The values for several pottery residues fell outside a comfortable range for the reference
food source it identified, but were still included in the food category (Table 6.1). In addition, other
residue values fell between two food sources. i.e., rice and millet or rice and pig, but were identified
as only one residue, i.e. rice or millet, based on the peak value that was nearest to the reference
food value (see Table 6.1).. For absolute accuracy, these samples should be classified as a mixed
food category or removed from the results. When grains are mixed with meat, it is usually the meat
signature that prevails, although mixed values can be present. If a pot was used for cooking
multiple grains and vegetables, mixed values could be present. According to Reber (2004a), the
residue represents foodstuffs cooked over the lifetime use of the pot.
The inclusion of outliers and the categorization of mixed residues as one residue type may
have introduced misclassification bias into the results. In future studies, a larger selection of
reference values and additional samples of the reference foods included in this study will be
obtained and analyzed to provide more specific interpretation of the residues found in the pottery.
Experimental cooking of reference foods from China in modern facsimile pottery would also
provide much needed data about the quantity and mixture of food residues.

Misclassification of Marine Reference Samples
The species and source of the marine reference samples were identified from a photograph
of common fish in the Rizhao area (see Appendix III A3). It is possible that some of the saltwater
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fish were misclassified based upon the quantity of lipid in the sample, i.e., the C15 and C17
amounts in the Bramidae sample and an unknown species were more similar to the values of
freshwater fish while another unknown species contained amounts more similar to the values of
brackishwater fish (Table 6.2).

Table 6.1. Outliers and mixed residues in pottery samples

Source
Outliers
(n-2)

Sherd
Type
Guan
Ding

Sampling Site
Location Phase
Body
Base

2
2

Pit

Pit
Type

Residue*

C15
(µg)

C17
(µg)

H401
H401

R
R

SW Fish
BW Fish

1.14
1.10

0.70
0.87

0.11
0.11
0.16
0.16
0.15

0.21
0.23
0.10
0.15
0.03

Mixed
Residues
(n=5)

Yan
Body
1
H298 S/T Millet/Rice
Ding
Rim
1
H422 S/T Millet/Rice
Ding
Rim
8
H31
R
Rice/Millet
Yan
Base
8
H31
R
Rice/Millet
Ding
Rim
8
H31
R
Rice/Pig
*
For mixed residues, the food listed first was used to categorize the sample

Table 6.2. Possible misclassification of saltwater fish
Source

Food Type

C15 (µg)

C17 (µg)

Bramidae (pomphret)*

0.07

0.13

Unknown*

0.03

0.12

Marine
Saltwater

Unknown**
0.17
0.82
*
Closer to C15 and C17 values for reference freshwater species (0.06, 0.12)
**
Closer to C15 and C17 values for reference brackishwater species (0.14, 0.79)
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Reclassifying the reference samples resulted in minimal changes in the average values for
brackish-water and freshwater fish (Table 6.3), but resulted in higher values for saltwater fish.
However, the original interpretation of saltwater lipid residue in the pottery sherds was not altered
except for a ding sherd (see Fig. 6.2, C15=0.22, C17=0.46) in the early phase ritual pit that was
reclassified from saltwater fish to plant residue (Figs. 6.1-6.2). For future research, consultation
with marine experts in the city of Qingdao will be done to determine the scientific names for fish
species.

Table 6.3. Re-classified marine reference values

Source

Original Amount (µg)

Re-Classified Amount (µg)

C15

C17

C15

C17

Saltwater Fish

0.13

0.50

0.17

0.64

Brackishwater Fish

0.14

0.79

0.15

0.80

Freshwater Fish

0.06

0.12

0.05

0.13

Quantitative Lipid Ratios vs. Lipid Isotope Ratios
Lipid Ratios. The quantitation of peak amounts to identify lipids in archaeological
materials has been reported by other researchers (see Barnard, et al., 2007; Eerkens, 2005;
Malainey, et al., 1999; Reber and Evershed, 2004b). According to Barnard, et al., (2007:36),
comparing the abundance of peak ratios can provide adequate identification of residues from the
same class of foodstuffs but may “often fail to fully separate different classes.” Another limitation
of using peak amount ratios is the quantity of sample used for extraction, for example, if 10 g of
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Figure 6.1. Reclassified saltwater fish reference values

Figure 6.2. Reclassified saltwater fish reference values changed ding sherd (x=0.22, y=0.46)
food category to plant residue.
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sample yields 0.10 µg of lipid, will 20 g of sample yield the same or a greater amount of sample?
To overcome this limitation, most archaeological researchers try to weigh the same amount for
each sample. Experimental research is needed to examine the ratio of lipid residues as reliable
biomarkers.
In ceramic residue analysis, lipid amount is also dependent upon sampling location, i.e.,
depending on the cooking method, lipids will be absorbed more readily in different areas of the
pot (see Table 4.2). Studies have analyzed the areas of pottery vessels that absorb the greatest
amount of lipids, relevant to cooking method (see Charters, et al., 1993). The areas sampled from
the pottery in this study were based on the hypothesized cooking method so that an optimal amount
of lipid residue could be extracted. In addition, approximately 10 grams of sample was used for
each extraction to standardize the comparison between reference and pottery samples.
The absence of the C25 and C27 peaks limited the planned analysis to using the C15 and
C17 peaks for the identification of both terrestrial and marine food sources. Possible reasons for
the absence of these peaks may be the small amount of lipid in the samples or the possible
degradation of these peaks while waiting for GCMS analysis.
Lipid Isotope Ratios. An attempt to obtain δ13C15.0:δ13C17.0 compound specific isotope
ratios for selected samples to support the findings from the quantitative lipid ratios met with
minimal success due to the presence of branched chain alkanes in the pottery samples. While
compound specific isotope values provide a solid indicator of food source (see Evershed, 2008),
detection of the isotopic value is dependent upon the amount of lipid in the sample, since the
sample amount requirements for GC-IRMS measurements are much larger than regular GC-MS
(Blessing, et al., 2008). The small amount of lipid in some of the study’s samples resulted in nondetection of the isotopic values.
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In addition, if any contaminants in the sample are similar to the compounds of interest, i.e.,
branched-chain alkanes similar to the n-alkanes, then detection can be compromised. Cleaning the
GCMS samples, e.g., urea adduction (Mazeas, et al., 2002; Wakeham & Pease, 2004) or molecular
sieve column (Grice, et al., 2008) before GC-IRMS analysis to obtain only n-alkanes can be
performed to improve detection of the compound-specific isotope peak values. Cleaning of the
GCMS samples, preferably using a molecular sieve column, should be done for future studies.
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CHAPTER SEVEN
CONCLUSIONS

Overview
Patterns of consumption at Liangchengzhen changed substantially from the early phase to
the late phase with regards to food residues found in hypothesized ritual pits. Fish, more abundant
in the early phase, was almost non-existent by the late phase. Pig and rice, hypothesized as
preferred foods, were found only during the late phase, primarily in the ritual pit, H31. Millet and
other plants were conspicuously present during both phases, but had greater separation from ritual
pits during the late phase. Considering these data with the understanding that food in China has
historically been used as a tool to wield influence and power, it can be hypothesized that a
diachronic shift from a more integrative consumption pattern in early phase ritual pits to a more
restrictive consumption pattern in late phase ritual pits may have occurred. A social hierarchy may
have developed by the late phase that was not present during the early phase since “food is
symbolic of social relationships” (Goody, 1982:30; Hayden, 2014a). However, Smith (2012:57)
suggested that elite leadership and manipulation in complex polities were “added onto the diverse
economic and social repertoire already sustained by individuals and households” and that most
choices about daily life were still made at the individual and household levels “far away from the
perception and control” of elites. This researcher feels that the social complexity present at
Liangchengzhen during the late phase more closely reflects the explanation given by Smith (2012),
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i.e., while a social hierarchy with elite leadership may have developed by the late phase at
Liangchengzhen, regular citizens may have exercised a great degree of control in their everyday
life.

Feasting Activities and Patterns of Consumption at Liangchengzhen
Patterns of consumption, especially feasting, have been correlated with the social structure
of societies, postulating that societies with integrative or somewhat competitive patterns of
consumption lacked “strong, institutionalized forms of social ranking” while competitive or “elite
exclusive”, i.e., diacritical feasting, (see Hayden, 2014a: 20; Underhill, 2002:50) patterns of
consumption reflected societies “where major differences in lifestyle between individuals and
groups of individuals are embedded in social institutions” (van der Veen, 2003:412).
At Liangchengzhen, during the early phase, there was “little variation in daily cuisine” as
based on the fish, millet and plant residues found in storage/trash pits. For early phase ritual pits,
“the most important variation [for special occasions] was one of a quantity” of foods, i.e., fish that
were also consumed in everyday settings (Goody, 1982:78; van der Veen, 2003:412; see also
Dietler, 1996:98; LeCount, 2001). The pattern of food residue distribution during the early phase
in Excavation Area One, is one where fish were found in both storage/trash and hypothesized ritual
pits, with a much larger quantity of fish existing in the ritual pits, especially H401. Fish were
probably considered a “mundane” food since access to fish at Liangchengzhen would have been
available as a wild resource to all inhabitants due to the site’s proximity to freshwater rivers and
the Yellow Sea, (as mentioned previously in Chapters 2,3, and 6) and would have required minimal
investment of labor and risk. The increased quantity of mundane foods used in feasting contexts
most closely resembles the feasting pattern that occurred at Gao in Africa (see Chapter 3 and Table
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3.1), whose socio-political structure was that of a town capitol. Based on regional survey data (see
Underhill, et al., 1998, 2002, 2008), we understand that the socio-political structure at
Liangchengzhen during the early phase was that of a 4-tiered hierarchy (possible state level) with
the initial wave of site nucleation occurring during the Early Longshan (see also Chapter 2;
Underhill, 2008). The pattern of consumption in early phase ritual pits may reflect that more than
one type of feasting, i.e., integrative, occurred within the corresponding level of state-like social
complexity at Liangchengzhen. The use of fish in large quantities in feasting contexts when
population nucleation at Liangchengzhen was beginning to assemble and labor mobilization by
the administrative center had not yet consolidated may indicate that fish remained a resource that
people could collect themselves with “no political or symbolic control over the harvesting and
consumption of fish” (Capriles, et al., 2014:67), or alternatively, that the large quantities of fish
were “voluntarily contributed food offerings for local work parties or feasts”. The pattern of
consumption in the hypothesized late phase (middle Longshan) ritual pits did not reflect the use of
mundane foods in larger quantities but rather the use of socially valued foods, primarily rice and
pig, that were restricted, i.e., they did not appear in late phase storage/trash pits as fish did in the
early phase storage/trash pits.

By the middle Longshan, the population nucleation at

Liangchengzhen had reached its apex and elite inhabitants may have mobilized labor for water
management purposes to fuel the agricultural based (rice-growing) economy (see Underhill,
2008:11). The use of water management systems such as irrigation, even on a small scale, allow
“economic control by elites” (Johnson and Earle, 1987:247; see also O’Reilly, et al.(2014) where
elite-controlled moats at Iron Age sites in Thailand were used to irrigate rice fields thus allowing
elite control over production).
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The restricted consumption pattern of socially valued foods in the hypothesized late phase
ritual pits within the socio-political context of a 4-tiered hierarchy at Liangchengzhen supports the
theoretical framework of a political economy where elites used wealth and staple finance to gain
control of resources (see Chapter 1).
Although it is not possible to determine the dietary lifestyle of individuals or groups of
individuals at Liangchengzhen due to poor bone preservation, the differential distribution of
socially valued food residues in ritual pits during the late phase suggests a social separation and a
more hierarchical pattern of consumption. It is not clear if the consumption pattern found in the
late phase reflects the level of stratification that Dietler (1996:98) described as “diacritical
feasting” or Underhill (2002:50) described as “elite exclusive” where “exclusive and unequal
circles exist”, but a likely shift away from a integrative consumption pattern in hypothesized ritual
pits occurred from early to late phases at Liangchengzhen as described in Fig. 1.1.

Caveat
While the consumption patterns of the food residues found in the pottery samples from the
early and late phases can be explained within the theoretical framework of the political economy
model, the pattern does not fit with the distribution of material remains of pig bone and carbonized
rice grains found in storage/trash as well as hypothesized ritual contexts in Excavation Area One.
The distribution of the material remains would indicate that pig and rice were consumed in daily
meals as well as in ritual or ceremonial activities, suggesting that a more nuanced interpretation of
consumption patterns is needed (see Hayden, 2014a; van der Veen, 2007).
At Liangchengzhen, material remains of rice and pig were excavated from storage trash as
well as ritual pits in the early and late phases indicating that these foods were used for both regular
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and ritual consumption, a distribution which suggests a polysemic consumption pattern in both
early and late phases. The findings from the lipid residue analysis in this thesis more closely
resemble the distribution of integrative, communal consumption pattern in the early phase and a
hierarchical consumption pattern during the late phase. In particular, the late phase ritual pit H31
appeared to be more special and socially distinct than other ritual pits, i.e., presence of socially
valued food residues and the only pit with a lack of everyday food residues. However, participation
in the activities held in H31 may have been inclusive for all Liangchangzhen residents rather than
exclusive for higher status individuals.
Hayden (2014:12) argued that the fundamental purpose of all feasting was the sharing of
food to create social cohesion or debt. He postulated that the interpretation of diacritical or elite
type feasts as exclusionary may be limiting since “without the inclusive sharing of food to create
social bonds or obtain material advantage, feasts make no sense”. As previously noted, this
researcher feels that the pattern of food consumption at Liangchengzhen from early to late phases
incorporated the polysemic parameters of feasting, even though, in general, feasting activities may
have become more competitive and restricted by the late phase.
The alternative hypothesis (see Chapter 1), that some prestigious foods at Liangchengzhen
became more readily accessible for rituals and widespread by the late phase, i.e., rice and pig were
elite ritual foods but were also used regularly in domestic settings and rituals accessible to all, may
be supported by the distribution of excavated material remains (Bekken, in press; Crawford, in
press), but is not supported by the distribution of food residues extracted from the pottery samples.
This thesis has provided the first empirical data from a systematic study of food residues
that evaluated the hypothesized uses of the food vessels from ancient China. The results of the
residue analysis from this thesis provide only a partial glimpse into the puzzle that comprises
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patterns of consumption at Lianghengzhen. While it is not possible to conclude with certainty that
consumption patterns moved from integrative to competitive, the results from this research
advance the anthropological understanding of food consumption at the regional center of
Liangchengzhen in China during the late Neolithic.

Moving Forward
The current research provides a starting point for further investigation into the foodways
at Liangchengzhen. The study design, comparing pottery from storage/trash and ritual pits through
time, is theoretically informed and differentiates between prestigious and everyday food sources.
While the design is sound, expansion of the study is needed.
Examination of the types of activities held in ritual pits, i.e., feasting, ancestral veneration,
or both, need to be researched more thoroughly. A larger sample of pottery that includes additional
pottery types from a wider area, additional reference samples, improved sampling methods, and
analysis by GC-IR-MS to obtain compound specific isotope ratios should be criteria for initiating
further research. Meat reference samples should include both wild and domesticated animals, i.e.,
deer, cattle, dog, and pig.
A primary concern for future research should be examination of the absence of pig and
rice residues in pottery from the early phase pits and late phase storage/trash pits at
Liangchengzhen. Pottery should be sampled from pits where the material remains of pig and rice
were excavated in the context of storage/trash and ritual pits. Further systematic study of ceramic
residues to document changing patterns of grain consumption in relation to developing social
hierarchies at Liangchengzhen is needed.
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If possible, evidence for differential cooking methods should be examined. Were pigs
roasted over an open fire in certain contexts and cooked in ceramic pots in others? Were disposable
or degradable containers, i.e., bamboo, used to steam rice in certain contexts? Twiss (2008:435)
postulated that “replacement of perishable vessels with ceramics” may have contributed to
“diachronic changes in feasting practices” in the southern Levant. The previous assumptions about
vessel function on the basis of form, i.e., ding associated with meat, should also be re-examined,
as well as the saturation point of lipids in pottery. Ceramic paste is a criterion that should be
considered more thoroughly. Pottery vessels made from fine fabric, as well as coarse fabric, need
to be sampled to ascertain contextual differences.
Finally, regional and diachronic research should be planned. The peripheral sites
found in the regional survey (Underhill, et al., 1998, 2002, 2008) that were nested within
Liangchengzhen’s settlement hierarchy need to be examined for patterns of food consumption. If
possible, comparative studies of pottery residues from the preceding Dawenkou period (ca.41502650 B.C.) and subsequent Bronze Age Yueshi period (ca.1800-1400 B.C.) in the Haidai region
should also be attempted. In order to understand the variability of social complexity over the longer
term, it is helpful to employ a diachronic, comparative approach not only cross-culturally, but also
within a culture (see Smith, 2012).The results from the residue analysis of this thesis empirically
represent the embodied practices of food choices and have contributed to the theoretical knowledge
of practice, semiotics of food in culture, and the interpretive meanings about the role of food in
the construction of culture and hierarchy. Given the enormous quantity of pottery that was
excavated at Liangchengzhen, we should be able to conduct future residue studies on larger, more
diversified samples to help complete the puzzle.
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APPENDIX I:

REPRESENTATIVE POTTERY TYPES USED IN THE RESIDUE ANALYSIS

Fig. AI.1 Ding tripod (Used with permission from Dr. Anne P. Underhill, Yale University,
Department of Anthropology)
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Fig. AI.2. Guan jar, fine fabric (Used with permission from Dr. Anne P. Underhill, Yale
University, Department of Anthropology)
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Fig. AI.3. Yan steamer (used with permission from Professor Wang Fen, Shandong University,
School of History and Culture)
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APPENDIX II:

SAMPLE SHERDS WITH FOOD RESIDUE1

Early Phase
Storage/Trash Pits

Guan body, H298: Saltwater fish (ID 16837)

1

Follows order of sherds listed in Tables 5.11 (p. 97) and 5.12 (p. 99). All photos by author.

150

Yan body, H298: Saltwater fish (ID 16840)

Yan body, H298: Plant residue (ID 16842)

151

Guan rim, H298: Plant residue (ID 16843)

Ding rim, H298: Saltwater crustacean (ID 16844)

152

Guan base, H298: Millet (ID 16845)

Yan body, H298: Millet (ID 16846)

153

Ding rim, H422: Millet (ID 16854)

Guan rim, H422: Millet (ID 16856)

154

Guan rim, H422: Plant (ID 16857)

Ding base, H422: Plant (ID 16858)
155

Ding base, H422: Plant (ID 16859)

Guan base (cooking), H385: Brackish water fish (ID 16851)

156

Guan body, H385: Saltwater fish (ID 16852)

Guan rim or Ding body, H385: Brackish water fish (ID 16853)

157

Guan base (storage), H385: Saltwater crustacean (ID 16847)

Ritual Pits

Ding rim, H280: Millet (ID 16875)

158

Yan body (middle), H280: Brackish water fish (ID 16876)

Ding rim, H280: Plant (ID 16865)

159

Guan rim, H280: Saltwater fish (ID 16866)

Guan rim, H280: Saltwater fish (ID 16871)

160

Yan body, H280: Plant (ID 16873)

Ding rim, H280: Millet (ID 16874)

161

Ding rim, H401: Saltwater fish (ID 16889)

Ding base, H401: Saltwater fish (ID 16891)

162

Guan base, H401: Saltwater fish (ID 16892)

Ding base, H401: Brackish water fish (ID 16893)

163

Guan base, H401: Millet (ID 16894)

Yan steamer, H401: Millet (ID 16895)

164

Guan rim, H401: Plant (ID 16896)

Ding rim, H401: Saltwater fish (ID 16898)

165

Ding rim, H401: Saltwater fish (ID 16900)

Ding rim, H401: Plant (ID 16901)

166

Guan rim, H363: Plant (ID 16880)

Ding rim, H386: Saltwater fish (ID 16885)

167

Late Phase
Storage/Trash Pits

Yan body, H199: Saltwater fish (ID 16955)

Ding rim, H223: Plant (ID 16994)

168

Ding base, H223: Plant (ID 16997)

Ding base, H223: Millet (ID 16995)

169

Ding rim, H230: Millet (ID 16998)

Ding rim, H238: Plant (ID 16984)
170

Guan rim, H254: Plant (ID 16993)

Ding rim, H254: Plant (ID 16969)

171

Ding rim, H205, Millet (ID 16961)

Guan rim, H205: Millet (ID 16962)
172

Guan rim, H205: Plant (ID 16974)

Ding body, H253, Millet (ID 17000)

173

Ritual Pits

Yan body, H111: Rice (ID 16935)

Yan body, H111: Plant (ID 16936)

174

Ding rim, H111: Plant (ID 16937)

Guan rim, H122: Rice (ID 16941)
175

Ding rim, H122: Millet (ID 16943)

Guan rim, H122: Millet (ID 16944)

176

Guan rim/body, H122: Millet (ID 16947)

Ding rim, H31: Rice (ID 16910)
177

Ding rim, H31: Pig (ID 16913)

Yan base, H31: Pig (ID 16914)

178

Yan base, H31: Rice (ID 16915)

Yan base, H31: Freshwater fish (ID 16917)

179

Yan body, H31: Rice (ID 16919)

Ding rim, H31: Rice (ID 16920)
180

Ding rim, H31: Rice (ID 16921)

Ding rim, H64: Millet (ID 16925)

181

Yan body, H89: Millet (ID 16929)
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APPENDIX III

Concentration (µg/g) of Reference and Pottery Samples

Table A3.1. Concentration1 (µg/g) of reference samples
Source
Terrestrial
Grains and Plants

Meat

Marine
Saltwater (SW)

Brackish Water
(BW)
Freshwater (FW)

C15
(ug)

C17
(ug)

C15
(µg/g)

C17
(ug/g)

Millet
Milet
Rice
Wild Chenopodium
Fresh Chenopodium*
Fresh Chenopodium*
Wild Purslane
Pig Bone
Cooked Pig Bone*
Cooked Pig Bone
Raw Pig Bone

0.29
0.10
0.10
0.14
1.32
0.02
0.24
0.02
0.10
0.03
0.03

0.32
0.20
0.12
0.25
1.47
0.06
0.48
0.06
0.11
0.06
0.07

0.03
0.01
0.01
0.01
0.13
0.002
0.02
0.002
0.01
0.003
0.003

0.03
0.02
0.01
0.03
0.15
0.01
0.05
0.01
0.01
0.01
0.01

Platycephalidae (flathead)
Congridae or Ophicthyidae
Stomatopoda Crustacean
Bramidae (pomphret)
Unknown
Unknown

0.09
0.08
0.33
0.07
0.03
0.17

0.33
0.37
1.31
0.14
0.13
0.85

0.01
0.01
0.03
0.01
0.00
0.02

0.03
0.04
0.13
0.01
0.01
0.09

0.19
0.09
0.06

0.93
0.70
0.13

0.02
0.01
0.01

0.09
0.07
0.01

Food Type

Triglidae (sea robins)
Cynoglossidae (tonguefish)
Cichlidae

*Removed from analysis

The concentration (µg/g) of all samples was obtained by dividing the lipid amount (µg) by the
amount of sample used (10 g).
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1

Table A3.2. Concentration (µg/g) of early phase pottery samples
Pit Type

Sherd Type

Storage/Trash Yan *
n=16
Guan
Yan
Yan
Guan
Ding
Guan
Yan
Ding
Guan
Guan
Ding
Ding
Guan
Ding
Guan
Guan
Ding*
Guan*
Ding/Guan*
Ritual
n=19

Ding
Yan
Ding
Guan
Guan
Yan
Ding
Ding
Guan*
Ding
Guan
Ding
Guan
Yan
Guan
Ding
Ding
Guan
Guan
Ding

C17
(µg)
0
0.49
0.49
0.32
0.35
1.41
0.29
0.2
0.22
0.18
0.33
0.33
0.42
0.71
0.51
0.71
1.05
1.1
3.01
1.29

C15
(µg/g)

C17
(µg/g)

H298
H298
H298
H298
H298
H298
H298
H298
H422
H422
H422
H422
H422
H385
H385
H385
H385
H410
H410
H410

C15
(µg)
0
0.22
0.22
0.19
0.12
0.59
0.24
0.12
0.12
0.17
0.19
0.15
0.19
0.49
0.23
0.57
0.79
1.18
3.3
1.18

0.02
0.02
0.02
0.01
0.06
0.02
0.01
0.01
0.02
0.02
0.02
0.02
0.05
0.02
0.06
0.08
0.12
0.33
0.12

0.05
0.05
0.03
0.04
0.14
0.03
0.02
0.02
0.02
0.03
0.03
0.04
0.07
0.05
0.07
0.11
0.11
0.30
0.13

H280
H280
H280
H280
H280
H280
H280
H401
H401
H401
H401
H401
H401
H401
H401
H401
H401
H401
H363
H386

0.2
0.6
0.19
0.46
0.44
0.32
0.31
0.51
0
0.42
1.16
1.12
0.11
0.23
0.27
0.76
0.64
0.21
0.21
0.22

0.18
0.86
0.33
0.61
0.49
0.38
0.22
0.5
0
0.5
0.68
0.84
0.25
0.26
0.37
0.61
0.66
0.33
0.32
0.46

0.02
0.06
0.02
0.05
0.04
0.03
0.03
0.05

0.02
0.09
0.03
0.06
0.05
0.04
0.02
0.05

0.04
0.12
0.11
0.01
0.02
0.03
0.08
0.06
0.02
0.02
0.02

0.05
0.07
0.08
0.03
0.03
0.04
0.06
0.07
0.03
0.03
0.05

Pit
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Table A3.3. Concentration (µg/g) of late phase pottery samples
Sherd
Type
Storage/Trash Yan*
n=12
Yan
Ding
Ding
Ding
Ding*
Ding
Ding
Guan
Ding
Ding
Guan
Guan
Ding
Pit Type

Ritual
n=17

Yan
Yan
Ding
Guan
Ding
Guan
Guan
Ding
Ding*
Ding
Yan
Yan
Yan
Yan
Ding
Ding
Ding*
Ding
Guan*
Yan

C17
(µg)
0
0.63
0.35
0.30
0.20
0.20
0.18
0.36
0.38
0.37
0.16
0.21
0.36
0.17

C15
(µg/g)

C17
(µg/g)

H199
H199
H223
H223
H223
H223
H230
H238
H254
H254
H205
H205
H205
H253

C15
(µg)
0
0.77
0.36
0.42
0.22
1.01
0.27
0.45
0.44
0.50
0.22
0.20
0.32
0.18

0.08
0.04
0.04
0.02
0.10
0.03
0.05
0.04
0.05
0.02
0.02
0.03
0.02

0.06
0.04
0.03
0.02
0.02
0.02
0.04
0.04
0.04
0.02
0.02
0.04
0.02

H111
H111
H111
H122
H122
H122
H122
H31
H31
H31
H31
H31
H31
H31
H31
H31
H31
H64
H89
H89

0.11
0.18
0.22
0.09
0.20
0.20
0.18
0.13
1.58
0.03
0.04
0.17
0.06
0.09
0.16
0.15
0.31
0.23
4.01
0.25

0.28
0.30
0.44
0.17
0.21
0.29
0.24
0.18
1.36
0.05
0.01
0.15
0.12
0.04
0.09
0.03
0.06
0.25
3.09
0.22

0.01
0.02
0.02
0.01
0.02
0.02
0.02
0.01
0.16
0.00
0.00
0.02
0.01
0.01
0.02
0.02
0.03
0.02
0.40
0.03

0.03
0.03
0.04
0.02
0.02
0.03
0.02
0.02
0.14
0.01
0.00
0.02
0.01
0.00
0.01
0.00
0.01
0.03
0.31
0.02

Pit
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APPENDIX IV:

FISH SAMPLES

2.

5
1.

6

8.
7

4.

3.
9.

1.
2.
3.
4.
5.

Platycephalidae (flathead)
Congridae or Ophicthyidae
Stomatopoda Crustacean
Bramidae (pomphret)
Unknown

6. Unknown
7. Triglidae (sea robins)
8. Cynoglossidae (tonguefish
9. Cichlidae
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APPENDIX V:

LETTERS OF PERMISSION

Anne Underhill <anne.underhill@yale.edu>
Wed 3/18/2015 3:40 PM

To:
Lanehart, Rheta;

Dear Rheta,
As you requested, this email is my formal permission for you to use my two photographs
(ding and guan pottery vessels for your PhD dissertation Appendix I (Fig. Al.1, Fig.
Al.2). Please contact me if you need anything else with respect to this request.
Sincerely,
Anne Underhill
Dr. Anne P. Underhill
Professor and Chair, Department of Anthropology
Yale University
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kexiong87 <kexiong87@aliyun.com>
Thu 2/12/2015 2:33 AM

To:

王芬老师 <wangf@sdu.edu.cn>;
Lanehart, Rheta;

T1777H145-2陶甗.jpg119 KB
To whom it may concern:
I accept the copyright permission request by Rheta E. Lanehart to use the photo (see attachment) in
her doctoral dissertation.
Signature:
Feb.12th, 2015

Rheta's copyright permission request
王芬 <wangf@sdu.edu.cn>
Thu 2/12/2015 6:41 PM

To:

Lanehart, Rheta;

Hi，Rheta

I agree that you use this photo.
Sincerely yours,
Wangfen
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